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PREFACE. 



M. Plana published, in 1832, his great work on the Lunar 
Theory, which was printed at the expense of the King of Sar- 
dinia. M. Plana made use of the method given by Laplace in 
vol. iii. of the Mec, Gel., which consists in employing the equa- 
tions in which the true longitude is the independent variable, 
and the expressions for the. variables, r, n/, and «, being first 
obtained in terms of the true longitude, by the reversion of series, 
r, V, and s are afterwards found in terms of the mean longitude, 
nt. The distinguishing and important feature of M. Plana's work 
is, that the expressions for the coefficients are maintained to the 
last in a literal form : this condition gives faciliti^ for their veri- 
fication which cannot, in my opinion, be too highly appre- 
ciated. 

Shortly after the publication of M. Plana's work, I began to 
consider this subject; and between 1834 and 1840 I published 
the first four parts of this work. I endeavoured to obtain the 
coefficients directly by means of the equations of motion, which 
had always been employed in determining the perturbations of 
the planets, and in which the time is the independent variable; 
still maintaining the literal development, as in M. Plana^s work. 

About the same time, or shortly afterwards, my friend M. de 
Pontecoulant began to follow in the same track, and to employ 
the methods which I had introduced. His work was completed 
and published in 1846; and I look upon it as one of the most 
valuable ever produced in the history of astronomy, whether 
from the importance of the results which it contains, or from the 
very great labour and perseverance which were required to 



obtain them. M. de Pont^coulant carried the approximations 
further than I had done, and as far as M. Plana; so that, although 
in some instances it may be desirable to carry the approximations 
even further, it will be seen presently, that unquestionably when 
this work appeared, it furnished the means, as far as the coeffi- 
cients of the periodic terms are concerned, of constructing tables, 
and of obtaining from those tables places of the moon more 
accurate than those of Burckhardt or any which had preceded 
them, within the limits of the errors of observations made at 
sea, and even within those of the observations made at Green- 
wich. The work of M. de Pont^coulant contained, therefore, the 
solution of the problem of finding the moon's place firom theory 
alone, sufficiently exact to be used for finding the longitude at 
sea, a solution which all the greatest mathematicians have been 
aspiring after, ever since the time of Newton. 

In 1848, the Astronomer Boyal published the *^Keduction of 
the Greenwich Lunar Observations," and with it the accurate 
determination of the elements of the moon^s orbit; a work which 
has greatly contributed to the perfection of the lunar tables: 
for all that theory can do is, from certain given quantities 
or constants to deduce the rest; theory can throw no light on 
the longitude of the epoch, the eccentricity, etc. 

I have been reproached with not having made lunar tables; 
but the expense of their construction and publication is very 
considerable, and those who make lunar tables "are in kings' 
courts." The publication of my Lunar Theory has cost me a 
considerable sum of money already; if I had published lunar 
tables, I must have incuired an expense of at least £1,000 more; 
and if I had made tables, I think it probable they would have 
shared the fate of Damoiseau's tables, and never have been used. 
The American tables, if not identical with such tables as the 
coefficients published by M. de Pont^coulant would furnish, are 
so close to them, that we can form as clear a notion of the merits 
of those coefficients, as if we possessed tables solely and imme- 
diately constructed from them. 
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In 1853, Prof. Peirce, in America, appetirs to have considered 
it desirable, from the data furnished by the Astronomer Royal 
and the coefficients in Plana's work, to construct tables to be 
used for finding the places of the moon given in the American 
Nautical Almanac. The title of this work is as follows: ^* Tables 
of the Moon; constructed from Plana's Theory, with Airy's and 
Longstreth^s Corrections, Hansen's Two Inequalities of Long 
Period arising from the Action of Venus, and Hansen's Values 
of the Secular Variations of the Mean Motion and of the Motion 
of the Perigee. Arranged in a Form designed by Professor 
Benjamin Peirce, Consulting Astronomer, for the Use of the 
Nautical Almanac, under the Superintendence of Charles Henry 
Davis, Lieut. United States Navy, and published under the 
Authority of the Hon. John P. Kennedy, Secretary of the Navy. 
Washington: printed for the Use of the Nautical Almanac. 
1853." 

Of the 94 coefficients employed in forming the expression for 
the moon's longitude in the American Tables, 74 are said to be 
taken from Plana; but those are the coefficients upon which 
Plana and Pontecoulant agree, and therefore they belong as much 
to one as the other. The coefficients of Plana which Pont^iou- 
lant had ascertained to be erroneous, were avoided by Prof. 
Peirce through the fortunate interposition of Mr. Longstreth, of 
Philadelphia, at the last moment, as will presently be explained; 
and in eight out of eleven instances the values of Pontecoulant 
were employed instead, which had been published six years pre- 
viously by Pontecoulant, having been obtained empirically by 
Mr. Longstreth. 

Eight coefficients are due to the Astronomer Koyal, having 
been obtained by him empirically, and published in vol. xvii. of 
the Memoirs of the Astronomical Society, viz.. 

The coefficient of the equation of the centre = 22639*2. 
„ variation = 2371-0. 

„ evection = 4586*9. 

„ annual equation = 670*3. 
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The coefficient of the equation of the centre is an arbitrary 
constant, which must be determined from observation. M. de 
Pontecoulant employed Burckhardt's value, which is 22639"*7. 
M. de Pont^coulant^s values of the coefficients of variation and 
evection, obtained from theory, are identical with the values of 
ihe Astronomer Koyal, obtained empirically: these also, there- 
fore, belong properly to M. de Pontecoulant. 

The next inequalities taken from the Astronomer Eoyal are 
the very small inequalities, 

r'-O 8in{nt—^-rf)+"'7 sin (n/H-f- 97) 

The inequalities due to the ellipticity of the earth are taken 
from the Astronomer Royal : 

6"-38 sln(n^— 17)— -97 cos (w^— 17). 

The coefficient of the first, according to Plana, is 6"'6 ; according 
to Pontecoulant, voLiv. p. 486, 6"-623. 

The Astronomer Royal says: "The latter term is not recog- 
nised by theory; but I conceive that there cannot be the smallest 
doubt of its reality, and that its value diflFers very little from the 
above" (" Memoirs of the Astronomical Society," vol. xviii. 
p. 38). The former term might also have been taken from M. de 
Pontecoulant with equal advantage. 

We now come to Mr. Longstreth's empirical corrections; they 
are eleven in number (seep. 25): of these, eight are identical 
with those which M. de Pontecoulant had published six years 
previously, and correspond to coefficients of Plana which he had 
marked as erroneous. It is impossible, therefore, to avoid having 
a suspicion that Mr. Longstreth's attention was called to these 
coefficients by M. de Pontecoulant's remarks, although no men- 
tion is made of M. de Pontecoulant's work; and it is curious 
that the Americans, instead of adopting M. Plana's coefficient 
(Arg. 22), which is 3"'309, and marked as erroneous by M. de 
Pontecoulant, adopt "'8, attributing it to Plana, which is close to 
the value, "'9, given by M. de Pontecoulant. The coefficient of 
Plana, Arg. 67, which is one of those which Longstieth deter- 
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mined, although not marked by Pont&M>ulant, differs consider- 
ably from his value^ which may account for Longstreth*s exami- 
nation of it. His determination is identical with Pont^ulant's 
value. 

The following is the only information I have been able to 
obtain respecting Mr. LongstretVs coefficients, and it is con- 
tained in the Appendix to the American Nautical Almanac for 
1855: 

'^ After the ephemeris for the present year was almost wholly 
completed, the following empirical corrections of Plana's formula 
for the Moon's longitude were received from Mr. Miers Fisher 
Longstreth^ of Philadelphia; and notwithstanding the consequent 
labour and delay^ the corresponding changes of the ephemeris 
were computed and applied. 

'* LongstretKs Corrections of the Moon*s Longitude. 

=3-6 sin (2t— 2f +f J *- 1'4 sin (2T+f^) 

*+l-4 sin (2T~2^-f J *H-M sin (f +f,) 
*-f 2-2 sin (f-2i7) + I'O sin (4T-|-f) 

*— 3-4 sin (4t— 2f) + 1-8 sin (4t— 2f— f ) 

*— 2-4 sin (2t + 2i;) * + 0*5 sin (2t— f — 2i;)." 
*— 2-8sin(2T— f— fj 

It is evident that Prof. Peirce attached considerable importance 
to Mr. Longstreth's work, or he would not have incurred the 
great labour and delay of recomputing the Moon's places. 

In those cases which I have marked with an asterisk, 
Mr. Longstreth adopted the values of M. de Pontecoulant. 

The following are the four cases in which M. de Pont^coulant's 

coefficients differed the most from those employed in the American 

Tables: 

Pont., vol. iv. p. 624. Damoiseau's Tables. 

Arg. 5.— "668-9 sin f, ' "6730 

27.— l-3sin(2T— 2f4-f) '7 

133. l-3sin(4T + f) 19 

12 sin (4T~2f— fj 30 
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M. de Pont^coulant has recently, by pushing the approximation 
further, corrected his previous determinations, and obtained the 
following values: 

Arg. 27. l'6sin(2T— 2f+fJ 2-2 Longstreth. 

133. l-7 8in(4T+f) 1*9 Longstreth. 

2-1 sin (4t— 2f— f^) 3-0 Longstreth. 

In two of these three cases, Mr. Longstreth has taken Damoiseau's 
values, probably not knowing that in the case of Arg. 27, 
Damoiseau corrected his former coeflBcient and reduced it in 
his Tables to '7. The reason why the coefficient of the annual 
equation differs, is, that the Americans took the value determined 
by the Astronomer Royal empirically in 1848, viz., — 670"-3; but 
the Astronomer EoyaPs recent determination is 669"*00: the 
value now assigned to it by M. de Pontecoulant is — ^"668'3. 

The following are the differences which exist at present 
between M. de Pontecoulant^s coefficients in the expression for 
the longitude and those employed in the American Tables ar- 
ranged in, their order of magnitude: 



P.- A. 


The Americans liave taken 


the coeflBcients from 


Arg. 5. 2'0 sin f^ 


Airy, 1848. 


— -9 sin (4t— 25"— f J 


Longstreth. 


Arg. 27.— -7 sin(2T~2f+f j 


Longstreth. 


Arg. 9.— -6 sin (2t— 2^) 


Plana. 


Arg. 2. "5 sin f 


Airy, 1848. 


Arg. 6.- -5 sin (2t— f j 


Plana. 


Arg. 14. — '4 sin (f — f j 


Plana. 


Arg. 15. -3 sin (2t— f +f,) 


Plana. 


Arg. 39.— -3 sin (2t— 4f) 


Plana. 


Arg. 101.— -3 sin t 


Plana. 


Arg. 132. •3sIn(4T— f) 


Plana. 



Neglecting all, of which the coefficient is less than "'3. 
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The above, therefore, is the quantity which should be added to 
the longitude of the American tables, in order to obtain the 
longitude that would be given by the coefficients of M. de Pont^- 
coulant, when quantities under "'3 are neglected. 

These differences are so small, that practically the places given 
by the American tables may be considered as identical with those 
which would be given by tables founded upon Pont^oulant^s 
coefficients, and therefore as founded upon our theory, with the 
exception of Hansen^s two erroneous equations due to the action of 
Venus. The period of these last is so long, that they may be 
considered as merely affecting the longitude of the epoch; and the 
Astronomer BoyaFs three empirical corrections not embraced by 
theory are so small^ as not sensibly to affect the result. 

The Americans profess to have employed the Astronomer 
Royal's value of the inclination given in the " Reduction of the 
Greenwich Observations," which is 18535"'46; the Astronomer 
Royal's recent determination of this quantity, viz., 18535"-55, is 
so close to the former, that the difference may be neglected. 
The Americans profess, in every other instance, to have adopted 
Plana's coefficients: but this expression for the latitude, like 
that given by the Astronomer Royal in the introduction to the 
Greenwich Lunar Reductions, appears to be derived from Plana's 
expression in terms of the true longitude ; hence, the errors 
pointed out in p. 55, and which arose in the process of converting 
that expression into terms of the mean longitude do not exist in 
the American Tables. 

Captain Davis has kindly informed me that, although 
Mr. Longstreth's equations were introduced into the ephemeris 
for 1855, Prof. Peirce's tables were first used for the ephemeris 
of 1856. 
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If we make the Moon^s mass 

1 the Astronomer KoyaFs value 8"'8103 

•^ of the Parallactic inequality 

-i- gives for the Solar Parallax 8"-8406 
67*3 

values which appear large. 

The two coefficients of Prof. Hansen rest solely upon the 
author's unsupported assertion ; which, considering how difficult 
they are to obtain, is very unsatisfactory. Indeed, Prof. Han- 
sen admits that the accurate deteimination of these two ine- 
qualities by theory, is the most difficult matter which presents 
itself in the theory of the moon's motion. As it is now thirteen 
years since Prof. Hansen published the values of these inequali- 
ties, there has been ample time for him to furnish some details 
respecting the manner in which he obtained them. According 
to Prof. Hansen, it will always be preferable to deduce the values 
of the mean motions of the perigee and the node from the obser- 
vations. ''.There will, therefore, be found in his tables, with 
reference to these two quantities, an empiricism, similarly as in 
the case of the two inequalities of long period" mentioned above. 
I infer from this sentence, and from the paper in the Ast. Nach., 
that Prof. Hansen obtained these coefficients empirically; but, 
however difficult it may be to obtain them from theory, I appre- 
hend, considering how imperfect the observations were during 
the last century and previously, it is far more difficult, if not 
impossible, to obtain them from the observations empirically. 

Prof. Hansen states, that he slightly altered these coefficients 
(see the Monthly Notices for Nov., 1854). The Americans took 
them from No. 597 of the Ast. Nachrichten, where they are given 
thus: 

27"-4 sin (—^—16/ + 18/'+ 35^ 20' 2") 

23 -2 sin (8/— 13y+315° 30'). 
ff being the mean anomaly of the Moon, 
9 „ „ Earth, 

/' „ ,, Venus. 
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But in the Lunar Tables recently published by Prof. Hansen, 
they are given as follows : 

15"-34sin(— y--]6/ + 18/'H-30o 12') 

21"-47 sin (8/'— 13/ + 2740 14'). 
That is to say. Prof. Hansen has entirely abandoned the values 
which the Americans adopted from his Memoir in the jist. 
Nach, 

The differential equations which govern the Lunar Theory 
have been long known, but the mechanical difficulties of 
their application are so great, that the greatest mathe- 
maticians have been arrested by them ; and although the 
great practical importance of the subject has been appre- 
ciated ever since the time of Newton, it has been reserved for 
me to make the announcement in this treatise, that we at last 
possess the means, through the labours of M. Plana, M. de 
Pontecoulant, and myself, of forming Tables of the Moon from 
theory alone, and without having recourse to any empirical 
assumptions, sufficiently correct for the purposes of navigation, 
and as correct as any which we at present possess. The empirical 
tables, however, at present in use, are so accurate, that there 
is very little room for improvement. The errors of the observa- 
tions of the moon at Greenwich, vary up to +"6, or more when 
they are made under unfavourable circumstances, as in twilight, 
and the small differences which exist between the place given 
by the American Tables and the observations at Greenwich 
(A — 0) are due, at least as much to the errors of the 
observations as to the error of the tabular places. This is con- 
firmed by the extreme irregularity of the differences. And it 
should be remarked that the large differences which occasionally 
occurred before, have been entirely got rid of by the American 
Tables no less than by those of Prof. Hansen. If we except the 
Parallactic inequality, of which the value obtained empirically by 
the Astronomer Royal differs more than 2" from our value, there 
is now, I believe, no coefficient in the longitude of which the value 
is doubtful to the amount of 1". The difficulties which we have had 
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to encounter^ and which we have at last successfully surmounted, 
arise from the innumerable number of terms of the higher 
orders; and although each, taken separately, is so small as 
hardly to produce a sensible influence upon the result, to obtain 
the requisite degree of accuracy, an enormous number must be 
taken into account. This leads to an amount of. computation 
which can only be fully appreciated by those who have gone 
through it; indeed, the difficulties of the literal solution are so 
great that they have been pronounced by Prof. Hansen to be 
insurmountable. 

Unfortunately for us, the manner in which the Americans 
have described the tables in the Introduction, deprives my 
friend M. de Pont&oulant and myself of all the credit to 
which we are entitled ; all our coefficients which they employ, 
they attribute to Plana or to Airy when they have an excuse for 
doing so; and when they have not, Mr. Longstreth appropriates 
them to himself, affixing the initial of his name to them. 

With respect to the coefficients of the American Tables 
taken from Prof. Hansen, I believe the tables would be better 
without them. The inequalities due to Venus have been aban- 
doned by their author ; and they would affisct the accuracy of 
the tables, were it not that they are mixed up with the longitude 
of the epoch determined by the Astronomer Royal when he 
believed them to be correct, and the error of the one is compen- 
sated by the error of the other. 

Poisson states, in his Memoir of 1833 on the Theory of the 
Moon, that he had ascertained that the coefficient of the ine- 
quality, of which the period is 240 years, did not, if it existed 
at all, exceed "'S. 

The following are the words of Poisson : 

" M. Airy ayant trouve r^cemment que Taction de V^nus sur 
la terre produit, dans le mouvement apparent du soleil, une ine- 
galite sensible dont la periode est de 240 ans, cette inegalite, en 
tant qu*elle affi^cte Pexcentricite de Torbite solaire, doit se trouver 
aussi dans Tequation seculairc de la lune, ct produire, dans sa 
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longitude moyenne, une inegalit^ dont la p^riode est ^galeinent 
de 240 ans. II restait done h, savoir si le coefficient de cette 
inegalit^ a une grandeur sensible. Pour m^en assurer, j'ai eu 
recours h Tobligeance de M. G. de Pont^coulant, qui a calculi, 
de son c6t^, Finegalit^ decouverte par M. Airy: je V&i prie de 
me communiquer la partie de cette inegalite^ relative k Pexcen- 
tricite de Forbite solaire; et j^ai reconnu que Tinegalite corres- 
pondante dans le mouvement de la lune ne s'el^ve qu'k un ou 
deux centi^mes de seconde; ce qui la rend tout h fait negli- 
geable/' 

And again^ in p. 98 : 

" M. de Pontecoulant ayant calculi, de son c6t6, cette inegalite 
solaire, et ayant ^t^ conduit exactement au resultat que M. Airy 
avait annonc^ je Tai pri^ de me communiquer la partie de son 
calcul relative h I'in^galit^ de «'; en la substituant dans la for- 
mule pr&6iente, il en est resulte 

S€=(0"026026) m sin \— (0"-28072) m cos \ ; 

\ ^tant treize fois la longitude moyenne de Venus, moins huit 
fois celle de la terre. Or, m etant un peu moindre qu'un 
treizieme, cette inegalite ne s'^leve pas a un quarantieme de 
seconde dans son maximum, et pent en consequence, fetre n^glig^e/^ 

M. de Pont&oulant verified this result; and it has recently 
been confirmed by M..Delaunay. 

The coefficient of the other inequality, of which the period is 
273 years, has been determined from theory by M. Delaunay, in 
the Conn, des Temps for 1862, and the value he assigns to it is 
16"-336 8in(— y— 16/ + 18/+35° l6'-5) 

Since writing the above,* I have met with a short paper by 
Mr. Longstreth, in the Transactions of the American Philoso- 
phical Society of Philadelphia, for 1853, entitled. On the Accu- 
racy of the Tabular Longitude of the Moon^ to be obtained by the 
Construction of New Lunar Tables, By Miers Fisher Longstreth. 

* I did not meet with this paper of Mr. Longstreth, until after the first 32 pages 
had been printed off. 
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The following extract gives all the information which the paper 
contains : 

^' The discovery of the inequalities of a long period, by Han- 
sen, together with the Reduction of the Greenwich Lunar 
Observations, from 1750 to 1830, afford ample materials for the 
construction of new lunar tables, and lead to the inquiry, what 
additional accuracy can be obtained? The coefficients deduced 
from theory by Damoiseau, Plana, Pontecoulant, and those 
deduced from observation by Burckhardt (though differing con- 
siderably), give the moon's place with nearly the same accuracy. 
Where a difference exists, I have carefully compared them with 
observation, and deduced the most probable value. To test the 
accuracy of the new coefficients thus obtained, I have selected 
from the Reduction of Greenwich Lunar Observations all the 
observations made during the years 1820, '21, '23, '24, and ^25, 
numbering 499, and have computed the moon's place with the 
new coefficients, by correcting Plana's when necessary; they 
having been used in the Reduction of Greenwich Lunar Obser- 
vations to obtain the moon's tabular place. In the following 
pages, I have arranged for comparison the errors of Plana's 
coefficients and those of the new coefficients, to which have been 
added the corrections for Hansen's inequalities, and most of the 
corrections required by Plana's theory deduced by G. B. Airy. 
Upon examination, it will be found that in many cases where 
the errors of the new coefficients are large, that the observations 
have been made while the sun was above the horizon, or during 
twilight. Tie errors here given are necessarily compounded of 
the errors of the tabular place, and of those of observation." 

Then follow some remarks upon the probable limits of error of 
the Greenwich observations; and he shows, by reference to the 
observations, that the error of observation often amounts to from 
3" to 6". The author then gives a table of the errors of Plana's 
coefficients, as compared with the errors of 499 Right Ascen- 
sions of the Moon, calculated by means of what he calls the 
new coefficients; but he gives no details of the method he 
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adopted in forming these coefficients; and there is nothing to 
contradict the supposition that he merely selected from Damoi- 
seau, Plana, and Pont^coulant the coefficient which appeared to 
him likely to produce the best result. I have supposed Mr. Long- 
streth calculated Bight Ascensions, but this is left in doubt: one 
column of the table is headed, " Errors of Plana's Coefficients," 
and the other, " Errors of New Coefficients." 

A comparison of the places given by the American Tables is 
published in the Astronomical Journal^ No. 129, made by Mr. 
Newcomb, with those of the Greenwich observations for the 
years 1856 and 1857, from which it appears that the mean error 
in R. A. for 1856 is 3"-52; for 1857, 2"-76: the mean error in 
declination is 2" -03. Prof. Hansen states the mean error of 
R. A., j&om his tables, to be 2" '44, Professor Hansen multiplies 
his coefficients in the expression for the longitude by arbitrary 
factors, and diminishes his latitudes arbitrarily by 1", upon the 
ground that the Moon's centre of gravity does not coincide with 
the centre of figure, a supposition purely gratuitous, and the 
reasoning which is founded upon it is incorrect. Therefore, 
however accurate they may be, I can only consider Prof. Hansen's 
tables as a retrograde step in science. But the above are not the 
only empiricisms with which Prof. Hansen's tables are affected. 
Professor Hansen tells us, that the mean motions of the perigee 
and node employed in his tables are empirical; that is, they 
"have been deduced from the observations"; and ^^ there will, 
therefore, be found in the tables, with reference to these two 
quantities an empiricism, similarly as in the case of the two 
inequalities of long period." See Prof. Hansen^s Letter to the 
Astronomer Royal, in the Monthly Notices for November, 1864. 

M. Plana has justly observed that the Tables of Prof Hansen 
must take their place with those of which Euler said: — ^^Non tarn 
Theoria quam observationibus sunt superstructae " : ** Huius- 
modi ergo Tabularum sive consensus, sive dissensus cum observa- 
tionibus, neque ad Theoriam Newtonianam plenissime confirman- 
dam, neque ad eam infringendam allegari potest; ham quatenus 
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istae Tabulae observatIonibu8 satisfaciunt, hoc non solum Theoriae 
est tribuendum ; quatenus autem cum observationibus minus con- 
veniunt, hoc ne Theoriae quidem imputari potest; propterea 
quod istae Tabulae non soli Theoriae innituntur." 

An empirical solution, however, is not susceptible of the same 
degree of accuracy as my method, which admits of unlimited veri- 
fication in detail. The facility of tracing any errot is due 
to the system of exhibiting all successive steps of calculation 
in such a form that their connexion can be readily examined. 
But, above all, it is to be regretted, that by using auxiliary 
variables, and not finally giving expressions for the lon- 
- gitude and latitude of the moon, Prof. Hansen^s results shed 
no light upon anything which has been done before, and nothing 
that has been done before sheds any light upon his results; so 
that his work is almost a solitary instance in the annals of 
science to which the following sentence does not apply, 

AafAiraZia e^ovTe? BcaBcoaovatv aWijXoi^. 

There is no error in M. Plana's analytical expression for the 
longitude in terms of the first, second, third, or fourth order. 
There are three errors of the. fifth order, of which one is in- 
sensible. 

In M. Plana's analytical expression for the reciprocal of the 
radius vector, there is no error in terms of the first, second, or 
third order, and only one in terms of the fourth order. 

In M. Plana's analytical expression for the latitude, there are 
no errors of the first, second, or third order, and only two of the 
fourth order. 

By carefully examining Mr. Plana's numerical reductions, 
M. de Pont^coulant and myself have succeeded in discovenng 
the causes of the principal difierences between M. Plana's co- 
efficients and those of M. de Pont^coulant ; but there remain 
many discrepancies in terms of the fiflh and the higher orders, 
which it is very desirable should be got rid of. M. de 
Pontecoulant and myself, where we differ from M. Plana, went 
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over our calculations so many times, that we think the error can 
hardly be on our side ; and, unless M. Plana will revise his work, 
we must despair of this ever being accomplished; for no one 
again will ever possess the intimate knowledge which M. Plana 
has of the indirect method. 

As it appeared to me that astronomers would view with 
greater confidence a comparison of places given by the American 
Tables, made by persons who could have no interest in enhancing 
their value, I made application to Mr. Hind, the Superintendent 
of the Nautical Almanac; and, in consequence, he directed Mr. 
Farley to procure places of the moon from the American Alma- 
nac, and compare them with the observations made at Greenwich 
for the years 1856, 1857, and 1858; and as Mr. Hind has kindly 
allowed me to publish them with this treatise, any one can see at 
once how extremely accurate the places given by these tables are, 
and how much more so than places given by Burckhardt^s 
tables. These tables, which appear to be as accurate as 
Prof. Hansen's, were published in 1853 ; and, therefore, they 
were in existence when the Astronomer Royal stated to the 
Astronomical Society, in reference to Prof. Hansen's tables pub- 
lished in 1857, that '^ probably in no recorded instance has prac- 
tical science ever advanced so far in accuracy by a single stride." 
They were in existence, also, when the Board of Visitors passed 
their Resolution asserting that Prof. Hansen's Tables ^' had been 
found, by an extensive comparison with the Greenwich Observa- 
tions, far to surpass in accuracy any previous ones." The false- 
hood and injustice of this Resolution are such, that the Visitors 
must have been ignorant of the existence of the American Tables. 
These are so close to Prof. Hansen's, that it would be unfair to 
one or the other to give the palm of superiority to either in 
point of accuracy) unless after a careful comparison with the 
same Observations. No trifling superiority, however, in the 
places given by Prof. Hansen's empirical tables, if it should be 
found to exist, ought to be allowed to compensate for the differ- 
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ence in the foundation upon which they rest, 
are, is shown by the following specimen : 



How close they 



Greenwich 
Mean Time. 


Moon's Right Ascension. Moon's Declination. 




Borclshardt. 


Han. 


Am. Burckhardt. 


Han. 


Am. 


i860, d. h. 


h. m. 8. 


8. 


8- , ,. 






July 18 


7 46 59-38 


57-07 


5762 N. 21 52 17*6 


21-3 


20-3 


I 


7 49 a9-73 


27-40 


27-94 21 42 298 


33-8 1 32-8 


2 


7 51 59-84 


57-50 


5803 21 3a 33-1 


37-31 36-4 


3 


7 54 29- 7* 


27-36 


27-89 21 22 27-6 


32-1 31-2 


4 1 7 56 59-36 


56-98 


57-51 N, 21 22 13-4 


18-1 17-2 



These American Tables, founded on theory, are invaluable, 
now that the Astronbmical Society and the Board of Visitors 
have attached so much importance to empirical tables, and 
that we are threatened to be carried back to the time of Clairaut. 
For in these Tables, coefficients are employed, with only three 
exceptions, and those of little moment, founded upon our 
labours; that is, M. Plana's, M. de Pontecoulant's, and my own, 
and due to theory alone. 1 am confident, therefore, that a just 
posterity will give, not to the Americans who employed our 
coefficients, nor to Prof. Hansen who published tables in 1857, 
but to us, that is, to Plana, Pontecoulant, and Lubbock, who in 
1846 furnished the means of constructing tables of the moon 
without any empirical hypothesis, the credit of first bringing the 
errors of the lunar theory within the limits of the errors of 
observation, and thereby of bringing to perfection the solution of 
the problem of finding the longitude at sea by means of lunar 
observations. 

Partly at the request of my friend M. de Pontecoulant, and 
partly because I thought it desirable to show how such terms are 
to be obtained when the equations are employed which I have 
used in this work (that is, in which the time is the independent 
variable), I have calculated the much controverted term 
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ml^e^ in the secular equation of the moon's mean motion, 



following step by step the method given in p. 133, Part II. The 
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calculation may appear longer than by the other method used by 
Mr. Adams; but I have given more details and more interme- 
diate steps : Mr. Adams* paper is very concise. 

At page 4, I have made a remark, in the words of Mr. Adams; 
upon the circumstance of my friend M. de Pont^coulant arriving 
at two different values of the coefficient of rn^e^ in the secular 
inequality of the moon's mean motion ; and having communicated 
this treatise to him as it came from the printer, I received from 
him the following remarks: 

*' J'ai, sans doute, mal expliqu^ ma pensee ou j'aurai eu le 
malheur d'etre mal compris par vous, car vous donnez k mes 
paroles une interpretation tres differente de celle qu'on en doit 
tirer. Dans les Nos. des Monthly Notices^ ou des Comptes-Reridus 
de I'Acad^mie des Sciences, oii j'ai traite ce sujet, j'ai dit: 
'Qu'ayant repris en entier le calcul de PSquation sSculaire du 
moyen mouvement lunaire d'apr^s les formules de Laplace, ou 
la longitude vraie de la lune est prise pour la variable ind^pendante, 
afin de verifier Texpression donnee par M. Plana dans sa th^orie 
de la lune, j'etais parvenu k un resultat parfaitement concordant 
avec le sien, et qui n*en differe l^g^rement que dans les termes 
d'un ordre tres ^lev^ qui ne peuvent avoir aucune influence 
sensible sur les coefficients numeriques. J'ai ajout^ qu'ayant 
compart ce resultat avec celui que j'avais obtenu par un calcul 
direct, c'est-a-dire, en faisant usage des formules ou le temps etait 
pris pour la variable independante, j'ai reconnu, non sans surprise, 
comme vous le dites, mais en me rendant a I'^vidence, que ce 
dernier resultat ^tait absolument different de celui qu'on obtient 
en faisant usage de la premiere methode, et j'en ai conclu qu'il 
^tait indispensable dans la recherche du coefficient de Veqvation 
seculaire, de recourir aux formules directes et de renoncer tout-& 
fait It I'emploi des formules usit^es par tous les g^ometres qui 
jusqu'Si vouset moi s^^taient occupes de la thcSorie de notre satellite, 
comme ne pouvant conduire qu'^ des r^sultats fautifs et erron^s. 
Quant a Tidee d'avoir ^gard ^ la variation de Texcentricite de 
Torbite terrestre dans les formules differentielles du mouvement 
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trouble, Praise d'abord par Poisson dans son m^moire de 1833, 
et reproduite depuis par M. Adams dans son m^moire de 1852, 
]e persiste k penser qu'elle doit Stre repouss^e comme ne pouvant 
eonduire qu'^ des r^sultats tout-k-fait opposes k Tobservation, mais 
surtout sous le rapport analytique, comme contraire au beau 
theoreme de Finvariabiliti des grands axes et des moyens mouvemenis 
planetaires, qui, selon moi, est general, et sMtend a la lune aussi 
bien qu'a tous les autres corps du syst^me solaire/ Cette question 
du reste a et^ amplement trait^e dans un supplement & ma 
theorie de la lune, qui s'im prime en ce moment, et qui paraitra 
d'ici h quelques jours." 

When Mr. Adams and Mr. Leverrier found that Bouvard's 
Tables of Uranus were in discordance with the path of that 
planet, they set to work to discover some principle which might 
account for it ; and so this discordance of the Tables led to the 
discovery of Neptune. Let us hope that the discordance which 
now exists between Mr. Adams's secular equation and the ancient 
eclipses will lead to a discovery of equal importance. 

M. Plana has since, in a letter to me, dated June 19 th, 1860, 
and published, admitted the accuracy of the coefficient of Mr. 
Adams. 

In the following pages I have set forth the nature of the results 
which have been accomplished by M. Plana, M. de Pont^coulant, 
and myself, as well as the construction of the American Tables in 
which they are embodied, and which were ignored by the Astro- 
nomer Koyal in his communication to the Astronomical Society 
{Monthly Notices, 8th April, 1859). We must console ourselves 
with the English reflection : " that, though plainness anc^ truth 
are ofttimes abused with subtlety and falsehood, yet in the end 
alway truth triumphs, when falsehood shall take reproach." 

High Elms, Farnboeough, Kent, 
Ist January^ 1861. 



ON THE 



THEORY OF THE MOON. 



Mr. Adams, in a paper on the Secular Variation of the Moon's 
mean Motion, printed in the Philosophical Transactions for the year 
1853, gave as the coefficient of a certain term in this inequality, a 
numerical quantity differing from that of Plana. Since that time, 
Plana has revised his original calculation, and produced two other 
coefficients successively. Professor Hansen has arrived at a coefficient 
not differing much from Plana's. M. Delaunay has arrived at a 
result identical with Mr. Adams. M. de Pont6coulant has arrived at 
two results, one agreeing with Plana, and the other not; but neither 
agreeing with Mr. Adams. M. le Yerrier takes for granted Adams 
and Delaunay are in error, and will not even examine M. Delaunay's 
calculations, because his value of the coefficient will not satisfy the 
ancient eclipses. So that Adams and Delaunay, agreeing with each 
other, maintain one value; Rana, Hansen, and Pont^coulant, disagree- 
ing with each other, express in the most positive manner their convic- 
tion that Adams and Delaunay are wrong. I have not as yet alluded 
to Laplace^ because, in fact, he never attempted to calculate the 
quantity about which this controversy has arisen. 

Will it be believed, in future ages, that three of the best, if not the 

very best, astronomers in Europe are ranged on one side, and two on 

the other ; the question to be decided being, whether a certain nume- 
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rical coefficient is according to M. Plana, or ---.- according 
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to Mr. Adams ? or whether — - is identical with — ^ ? and whether Mr. 

dv ndt 

Adams, **professeur distingue de I* Universite d' Oxford,'* the discoverer 
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of Neptune, is ignorant of the first principles of the differential calcu- 
lus, and the 8th page of the elementary treatise of Lacroix ? 

M. de Pont^coulant says: "Et que nous importe k nous que ses 
formules (that is, M. Delaunay's) soient approuv6es k Londres, a Ber- 
♦ lin ou a Saint Petersbourg ? Nous avons prouv^ qu*elles sont fautives, 
cela doit nous sufiire ; et pour dire ici notre pensee tout entiere, nous 
d^clarons bien haut que quand bien m^me les Academies de Canton, 
de P^kin ou de Tchoug-Koue, se l^veraient en masse pour nous 
assurer du contraire, elles ne changeraient pas notre opinion k cet 
dgard." 

Again : " Je ferai voir oii 6tait la faute de la formule de M. Adams, 
faute inconcevable, il faut le dire, comme on le verra bient6t, car elle 
ne porte pas, comme on pourrait le croire, sur Tune de ces abstractions 
si difficiles h aborder par Tesprit humain qu'elles divisent les meilleurs 
esprits, et qu'apr^s d'interminables discussions, ils se s^parent moins 
d'accord qu'auparavant. La faute de M. Adams, inaper9ue et repro- 
duite par M. Delaunay dans ses calculs, roulait, en v^rite, je n'ose le 
dire, sur Vun des premiers principes du calcul differentiel, et Ton en 
trouve la correction dans la 8« page du Traits ELEMENT AIRE de 
Lacroix." * 

The vivid imagination of my friend, M. de Pont^coulant, leads him 
to suppose that this controversy will extend itself even to the Celestial 
Empire. The following extract will show that it has already reached 
the classic towers of Gotha. 

Hinc mo vet Eaphrates, illinc Germania bellum; 
Vicinae ruptis inter se legibus urbes 
Arma feinint; saevit toto Mars impius orbe. 

Prof. Hansen says, in a letter to the Astronomer Royal, dated Gotha, 
May 31, 1859:— 

*• Delaunay's Sacularanderung der mittleren Mondlange muss ich 
entschieden fur unrichtig halten. Ich habe folgende drei Resultate 
durch die Theorie erhalten : — 

(1) +11- 93, Ast. Nach. No. 443, 

(2) -f 11- 47, „ No. 597, 

(3) + 12-120, in den Mondtafeln ^ngewandt. 

" Worin der Fehler von Delaunay liegt, kann ich in diesem Augen- 
blick nicht sagen, aber man kann als nicht unwahrscheinlich annehmen, 

♦ See Dernieres Observations, etc., p. 14, and p. 3. 



dass bei der Entwickelung der Mondstdrungen nach den Potenzen von 
m, Glieder, die rait sehr hohen Potenzen multiplicirt sind, merklich 
werden Koonen. Ueberhaupt hat man ja gar keinen Beweis von der 
Convergenz dieser R6ihen, und sie mlissen nothwendig bei vergrosser- 
tem Werthe von m diverginen. Ich babe bekanntlich diese Art der 
Entwickelung gar nicht angewandt, sondem von Annaherung zu 
Annaherung die erhaltenen Storungen in die Gleichangen siibstituirt. 
Dieses Y^rfahren babe ich so lange fortgesetzt, bis das Resultat der 
letzten Annaherung bis auf kleine Bruchtheile von Secunden dem 
Resultat Ber vorletzten Annaherung gleich wurde, Ich babe dazu nur 
12 oder 13 Annaherungen ndtbig gehabt.*' 

The words of Le Verrier are these : " Nous conservons done, nous 
devons le dire, puisque Ton nous j oblige, des doutes, et plus que des 
doutes sur les formules de M. Delaunay. Tr^s certainement la v^rit^ 
est du c6te de M. Hansen. Et n'^tant point dispose h suivre M. 
Delaunay dans la discussion indefinie et sans doute obscure qu'il 
annouce, nous declarons a Tavance que nous tenons pour nulle et noii 
avenue toute reponse dans laquelle M. Delaunay n^etablira pas que sa 
theorie n'est pas contredite par les observations." 

M, Le Verrier is the last philosopher from whom we should have 
expected such a remark, as his own discovery of Neptune would have 
never been made, had he acted upon this theory. 

In his theory of the moon, M. Plana obtained one value of the 
secular acceleration. In 1856, he printed a paper, in which he admit- 
ted that ^his theory was wrong on this point, and actually deduced Mr. 
Adams's result from his own equations. Soon afterwards, however, 
M. Plana retracted his admission of the correctness of Mr. Adams's 
result, and obtained a third result, differing from his former one and 
from that of Mr. Adams. 

In p. 46 of M. Plana's Memoir upon the secular equation of the 
mean motion of the moon, read on the 1st June, 1856, before the 
Academy of Turin, there occurs this passage : " Vers le commence- 
ment du mois d'avril dernier, je n^avais pas fait la distinction entre les 
fonctions s^culaires f^dv et /"'Cdv : mais des reflexions ulterieures 
m'ont persuade qu'il fallait rejeter la fonction s^culaire /"i^dv, comme 
entierement ^trangere aux d^veloppemens par lesquels on forme I'equa- 
tion s6culaire du moyen mouvement de la lune." Until M. Plana 
favours us with the nature of these reflexions, it is impossible to form 
an opinion upon their value ; and the suppression of the term f'l^dv 
wears at present an arbitrary character. 

M. de Pont^coulant now gives two different values of the secular 
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acceleration, one of which he has obtained by using the time, and the 
other hj using the moon's longitude as the independent variable ; and 
he does not appear startled at obtaining two contradictory values, but 
seems inclined to defend both. 

This state of things is surely unexampled in the history of science, 
more especially as it seems to be conceded by all parties, that the 
point where the divergence takes plcice is where Mr. Adams, instead 
of confounding the mean motion with the true longitude, as Plana 
does, or making 

— =— , i/ being the true longitude 
dy ndt 

makes 

de' ndt de 

dv" dv ndt 

It is not always easy to get to the original source of error, or the 
passage where it became first introduced ; but in the case of the secu- 
lar inequality of the Moon^ the first trace of it appears to me to be in 
Vol. III. of the M^c. C^l., p. 213, where Laplace has the equation — 

E being the eccentricity of the earth's orbit at a given epoch, and v 
the true longitude of the Moon. 

But this expression for e' would not have led to fatal consequences, 
if the terms depending upon m^ and higher powers of m could safely 
be neglected ; and if the following sentence (M^c. C61. iii. p. 227), were 
admissible : — '* Les termes dependans du carr^ de la force perturbatrice, 
changent un peu cette valeur de TEquation S^culaire de la longitude 
moyenne; mais il est ais6 de voir que les termes de cette ordre, qui 
ont une influence tr^s-sensible sur TEquation S^culaire du Perigee, 
n'en ont qu*une tr^s-petite et insensible sur celle du moyen mouve- 
ment." In fact, whether Plana' s coefficient be right or not, it is quite 
certain that the terms which Laplace supposes to have no sensible 
influence, entirely change the numerical value of the secular inequality; 
and that all Laplace's inferences, based upon the first approximation 
to its value, or the coefficient of m^, fall to the ground. 

Let us now consider the bearing of the question, as regards the 
ancient ecUpses, and let us admit that the geographical co-ordinates of 
the central line are accurately known for the eclipses of Agathocles, 
Thales and Xerxes, which have formed the subject of the interesting 



researches of the Astronomer Royal, in the Phil. Trans, for the year 
1853. 

Let us also admit, with Laplace, that analysis shows, that neither the 
resistance of ether nor the saccessive transmission of gravity produces 
any sensible alteration in the mean motion of the nodes or perigee of 
the Moon ; and let us also admit, that if the value of the co- efficient of 
the secular inequality be that assigned to it by Laplace, the conditions 
of the eclipses above mentioned would be satisfied. It would follow 
then, according to Laplace, that the length of the day has not varied 
the hundredth part of a second since the time of Hipparcbus. See 
M^c. C^L, vol. iii. p. 176, and vol. v. p. 361. 

If, indeed, the value of the secular inequality given by Laplace were 
correct, it might serve as the foundation of other theories, as, for 
instance, that of the invariability of the velocity of rotation of the earth 
about its axis ; but unless this invariability can be proved independently, 
it cannot be used, or the eclipses which hang upon it, to upset the value 
of the secular inequality which Adams has obtained. 

Laplace must have been aware, that the invariability of the velocity 
of the rotation of the earth, was only a contingent truth, and that it 
was liable to be modified by forces in existence. In Vol. V. of the 
M^c. C61. he gives a chapter upon the diminution of the length of the 
day, in consequence of the cooling of the earth. With certain values 
of constants, Laplace arrives at the conclusion that the length of the 

day has only varied in 2,000 years -— , and with other values -— . 
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But it must be recollected that Laplace was impressed with the belief, 
that his value of the secular inequality of the moon precluded the 
possibility of any alteration of the length of the day having taken 
place. It would be interesting to ascertain whether, by assigning other 
values to the constants within reasonable limits, a difiPerent result could 
be obtained. Laplace has also enunciated in the most positive manner 
(M^c. CeJ., vol. ii. p. 92), the invariability of the geographical situation 
of the poles ; but this truth depends also upon the invariability of the 
form of the earth, and the immutability of the strata of which it is com- 
posed. Since the M^c. C^l. was written, the writings of geologists, and 
especially of Lyall and Darwin, have made us familiar ^th the numerous 
changes to which the crust of the earth has been subjected ; and cir- 
cumstances have transpired, such as the existence of coal and the 
remains of plants, as well as of animals, whose existing allies are only 
found in temperate or warm climates, very far to the north; facts 
which were not known at the time when Laplace wrote the Mec. C^l. 



Professor Huxley informs tne, that the most northerly large fossil 
reptile that has yet turned up, is the Ichthyosaurus discovered hy 
Belcher at Exmouth Island, in lat. 77® 16' North, and 96® West longi- 
tude. The remains are described by Owen in the Appendix to the 
last of the Arctic voyages. M*Clintock found a patch of lias with 
characteristic Ammonites, etc., and perhaps ichthyosaurian bones, at 
Port Wilkie, in about 76^ North, and 117° West longitude. An 
abundant fossil Fauna, of Silurian and Carboniferous age, has been 
found in the same latitude, together with thick seams of coal proceed- 
ing from carboniferous plants. At Disco Island, in New Greenland* 
there is plenty of coal of tertiary, probably miocene age. It is impos- 
sible, if the known laws of vegetable physiology are allowed to have a 
retrospective application, to admit the existence of an abundant and 
rich Flora, with an annual darkness of six months' duration. 

The memoir of Laplace, in the Conn, des Temps for 1824, is not free 
from numerical mistakes, which will not surprise any one conversant with 
the subject ; for Laplace, though so great a mathematician, may not 
have been a skilful computer. The experience I acquired in calculating 
the easier terms, which are fortunately those which must be encoun- 
tered first, enabled me by degrees to attempt the more difficult ones ; 
and when I made the calculation of the coefficient of m^ cos (2ct—2gt) 
(or m^ cos (2J— 2i}), Arg. 77 in my notation), in the development of R 
given by M. de Pont^coulant in the Conn, des Temps, 1840, p. 38, to 
which I shall refer hereafter, I had been incessantly occupied in such 
operations for three years. 

About the accuracy of the correction introduced by my friend Mr. 
Adams, I am surprised there can be any doubt ; and it is very curious, 
that M. de Pont^coulant, who now calls this step a " superch^rie ana- 
lytique," detected the same mistake of M. Plana in other passages of 
M. Plana's great work and also in that of Damoiseau. He also detected 
that the value of some inequalities of long period, calculated by Laplace, 
in the Conn, des Temps for 1823 and 1824, were vitiated by the 
same error. M. de Pontecoulant's memoir on this subject is given in 
the Conn, des Temps for 1840. 

There are several passages in this memoir of M. de Pontecoulant in 
which this error is correctly described; and especially the following, 
p. 67. 

** M. Plana confond k tort, les forraules ob. I'on prend, comme il le 
fait, pour variable ind^pendante la longitude vraie de la Lune, avec 
celle ou la difiP^rentielle du temps est suppos6e constante. 

** La comparaison .... prouve combien il est important de distinguer 



avec soin ces deux cas, et dans quelles erreurs on pent tomber en em- 
ployant, comme le fait Laplace, indiff(6pemment les deux esp^ces de fop- 
mules, sans bien pr6ciser les ppopriet^s particulieres qui les distinguent; 
II est sans doute ^tonnant qu'aucun des g^omMres qui ont 6tudi^ les 
travaux de Laplace sup la throne lunaipe, n'ait aper^ju cette gpave 
epreup; et c'est par cette raison que nous nous sommes cpu oWig^, dans 
ce m^moipe, de pevenir si souvent sup le m^me sujet." Can anything 
be clearep than this, and might not any one suppose it had been 
written with a view to point out the eprop of Plaiia, which Adams 
discovered ? 

Again, with pespect to what Adams calls the ** apeolap velocity": 

" Laplace dit que dans cette fopmule, on peut supposer r^dv ppopop- 
tionnel k T^l^ment du temps m^me, en ayant 6gapd aux tepmes de 
Tcpdpe m^; <3n vepra plus loin que cela n'est point exact." P. 30. 

Again : " Cette difP^rence tient k ce que dans la ppemi^pe apppoxi- 
mation les deux Equations, S E=o eifd ^i? = o, que suppose Tanalyse 
de Laplace ont lieu en efFet, soit qu*on suppose la fonction 5 R exppi- 
m^e en fonction de v ou en fonction de ty mais dans la seconde apppox- 
imation elles ne subsistent ni Tune ni Tautpe, du moins en g6n^pal, pap 
pappopt k la vapiable i? ; et la seconde seule k lieu dans tons les cas, 
par pappopt k la vapiable t Laplace, en employant indiffepemment les 
fopmules oti la longitude vpaie est ppise poup vapiable ind6pendante et 
celles oli Ton suppose constant Telement du terns, sans faipe cette 
impoptante distinction, ne pouprait appivep qu'k des p^sultats eppon^s 
toutes les fois quHl soptait de 1ft ppemi^pe apppoximation. Nous en 
veppons encope d'autpes exemples dans la suite. ^' P. 42. 

I received many letteps from M. de Pont^coulant about the time this 
memoir was published, in which this question is much dwelt upon ; the 
following is in a lettep dated 23 June, 1836. 

■ ** Laplace, M. M. Plana et Damoiseau 6taient soptis d'un principe 
faux, c'est a dire, qu'on pouvait pelativement k ces in^galit^s, les cal- 
culep ppenaLt la longitude pour vapiable et changep ensuite v en nt, op 
cela se peut en e£Pet poup le ppemiep tepme, mais cela n'est plus exact 
poup la seconde, de la toutes les epreups ou sont tomb^s les g^om^tpes 
pelativement k ce terme, qui n'est pas le m^me dans leups difP6pents 
ouvpages, ni m^me le m^me dans le m^me auteup, lopsqu'il le detepmine, 
comme M. Plana, pap deux m^thodes difP6rentes." 

In my Theopy of the Moon, I have calculated the tepms in a gpeat 
many of the lunap inequalities. I did not, however, endeavoup to 
obtain the seculap inequalities. The- passage in vol. iii. p. 2 1 2 of the 



M6c. -061. appeared to me extremely obscure. I might, indeed, have 
studied the questioji in f lana's great work ; but, notwithstanding the 
importance of Plana's results, his methods always have appeared to me 
so circuitous, that I have never had courage to follow them. Nor did 
I suspect any error in Plana's values of the secular inequalities ; and I 
was greatly surprised when my friend Mr. Adams told me, that the 
term in the secular inequality for the longitude multiplied by m*, given 
by Plana, was erroneous, and widely different from its true value. 

Since my Part IV. was published, M. de Pont^coulant has completed 
his Theory of the Moon, carrying his approximations to the same 
extent as Plana» and leaving nothing to be done in order to enable his 
expressions to be employed in ephemerides, but the comparatively easy 
task of deducing tables from them. It is true, that perhaps the terms 
which he has taken from me and incorporated with his ©wn, may be 
more considerable, both in number and magnitude, than the rest ; but 
it must be recollected, that the terms which he has added to mine are 
those which are generally the most troublesome and difficult to obtain. 
Moreover, M. de Pont^coulant removed some numerical errors from 
my work, which, as I proceeded, would have infested the ulterior 
terms, and would have rendered the Expressions inaccurate, even if 
complete. These corrections were duly acknowledged at the time; 
and I take this opportunity of repeating my acknowledgments to him 
of this mark of friendship, and for the pleasure and instruction I have 
derived from a correspondence continued for a period of nearly thirty 
years. 

If M. de Pontecoulant's lunar theory has not been more duly appre- 
ciated, and if, like Prof. Hansen, he has not had the good fortune to 
obtain the gold medal of the Astronomical Society, I can only attribute 
it to the circumstance that, from the difBculty and complexity of the 
subject, very few are able to form an opinion upon his work. 

My friend, M. de Pont^coulant, writes to me, in a letter dated the 
14th inst.: — ** II est tr^s probable que votre methode finira par pren- 
dre le dessus et ^tre uniquement adoptee pour toute la th^orie de la 
lune. M. Main finira par avoir raison ct il aura predit seulement un 
peu plut6t ce qui arrivera dans la suite, mais vous auriez lieu de recla- 
men sur sa phrase (* some geometers, including M. Pont^coulant and 
Sir John Lubbock *) car ce n'est point ainsi qu'on annonce si ce n'est 
une decouverte du moins une tentative aussi hardie que celle de changer 
les m^thodes usit^es jusque ]a dans une th^orie aussi ardue que celle de 
la lune et sans etre aucunement sur de sucq^s On est bien fort, 



croyez moi, quand on se sert des formules que vous avez employees 
dans la theorie de la lune." 

No one is more competent than my Mend/ to decide upon the 
advantages which my methods present over those previously in use ; 
for no mathematician has practised them so extensively. 

I cannot, indeed, he much gratified by the allusion which Mr. Main 
has made to me in his Address to the Astronomical Society (Monthly 
Notices). 

Mr. Main says, " Some geometers (including M. Pont^coulant and 
Sir John Lubbock) have tried to solve the problem by using either the 
time or the mean longitude as the independent variable." This sen- 
tence appears to me to imply, that some geometers had paved the way 
in this direction, that M. de Pont^coulant foUowed in their wake, and 
that I brought up the rear. 

If this is what Mr. Main intended, I can only say, that it is com- 
pletely at variance with the truth. I began my. Lunar theory, in 
which the developments are made at once in terms of the Moon's 
mean motion, without the support or advice of any mathematician, 
and without finding anything to my hand except the differential equa- 
tions of motion. 

The only mathematician who encouraged myself and my friend M. 
de Pont^coulant, was my lamented friend Poisson. He was well aware 
of the necessity which existed for an elaborate and care^l verification 
of Plana's coefficients. But, unfortunately, he did all in his power to 
divert the attention of mathematicians from my methods. He men- 
tions, indeed, my methods ; but he recommended, in preference, the 
employment of the variation of arbitrary constants. This iigudicious re- 
commendation is given in a paper printed in vol. xiii. of the '* M^moires 
de rinstitut." 

Poisson says : — " J'adopte d'abord Tid^e des deux g^omfetres italiens, 
d'exprimer les coefficients des in^galit^s lunaires, en fonctions explicites 
des donn^es de la question, qui pourront rester ind6termin^es dans la 
solution analytique. Mais je propose d'exprimer directement les trois 
coordonne^s de la la lune, c*est-^-dire, sa longitude vraie, sa latitude et 
son rayon vecteur, en fonctions du temps, comme on le fait a Tegard 
des planfetes, et comme M. Lubbock a d^ja entrepris de Teffectuer pour 
la lune, dans les derniers volumes des Transactions philosophiqucs et 
dans un ^crit particulier. Je propose en outre de remplacjer les Equa- 
tions difP6rentielles relatives d ces trois coordonnEes, par celles d'ou 
dependent les six Elements elliptiques devenus variables, ou, autrement 
dit, d'employer dans le probl^me du mouvement de la lune, la mEthode 
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de la variation des constantes arbitraires, dont j*ai pr^c^demment mon- 
tr6 Tusage dans la question du mouvement de la terra autoar de son 
centre de gravity, et que Ton pent regarder, k juste titre, comme la 
plus g6n^rale et la plus f^conde que les g^omStres aient imagin^e. 
J'explique, dans mon M^moire, les avantages de ce double changement 
dans les m^thodes ordinaires ; apr^s quoi j*examine successivement tous 
les points principaux du mouvement de la lune ; et je montre, par des 
exemples choisis, comment on pourra appliquer k ce mouvement les 
formules connues de la variation des constantes arbitraires. A cette 
occasion, j*ai ^t^ conduit a m'occuper de nouveau du th^or^me sur 
Tin variability des grands axes et des moyens mouvements, que j'ai 
demontr^, il y a vingt cinq ans, en ayant 6gard aux carr^s et aux pro- 
duits des forces perturbatrices. J'esp^re que les g^om^tres ne verront 
pas sans int^r^t les d^veloppements que j'ai ajout^s k cette importante 
proposition, et Tapplication speciale que j'en ai faite au mouvement de 
la lune." 

The proof which Poisson gives in this paper, that the expression for 
the variation of the moon's axis major contains no argument of long 
period, accompanied by a multiple of m less than m^, is incomplete. I 
succeeded in supplying the considerations which are wanting in my 
Part IV. p. 405. See M. de Pont^coulant's Th^orie Anal. vol. iv. p.416. 
According to Mr. Main (Address, p. 13), Poisson "deduces the lunar 
inequalities by the method of the variation of the elements, though the 
expansions are not completely effected." I consider this a very unfair 
representation of the facts. The truth is, Poisson pretends that the 
inequalities may be deduced in this manner ; but there is. no attempt 
to show how it can be carried out generally, and only a few tentis of 
loiig period are considered. 

This method may, as is well known, be used in determining the 
secular inequalities (it has recently been so employed by M. Delaunay) 
and the inequalities of long periods ; but it is utterly impracticable in 
general ; indeed, I am informed by M. de Pont^coulant, who had the 
advantage of personal intercourse with that consummate mathematician, 
that Poisson, before his death, fully recognised the superior advantages 
of my method. Poisson could not write legibly, and was no com- 
puter ; the computations contained in his paper were done for him by 
.M. Largeteau. The most interesting result obtained was, the showing 
that the coefficient of cos(3r — 5-H3J' — 2ij) in the lunar theory was 
equal to zero. I showed, in the FhiL Trans., that this arose from the 
fact of the coefficient of cos (2r + 3f) being equal to zero ; and in the 
same way, the coefficient of cos(2r + 20 being equal to zero, the 
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coefficients of cos (2r-f { + 20, cos (2r— J+20, co8(2r + 25+24')» 
cos (2r — 24 + 2^), and cos (2r+2f + 2jy), etc., are also equal to 
zero. 

The only expressions in terms of the mean motion which (as far as 
my knowledge extends) existed when I began to work on the Lunar 
Theory, are those for r, r, and 8, given by La Place in vol. i. of the 
M^c. C61., p. 181. 

If Mr. Main, by putting M. de Pont^coulant's name before mine, 
means to pretend that I took the idea from him, or was preceded by 
him in the publication of this method of treating the perturbations of 
the moon by the sun, he advances a pretension which would be repu- 
diated by no one more strongly than by my friend, M. de Pont^coulant 
himself. 

The first edition of my Part I. was published before ; but the second 
edition has the date of the 15th Nov. 1834. The first mention of the 
moon in the correspondence of M. de Pont^coulant with me, occurs in 
a letter of his dated the 11th Sept., 1835, in which he writes : — ** Je 
m'occupe beaucoup k ce moment, monsieur, de la th^orie de la lune, 
et j'ai lu avec grand plaisir vos divers memoires. J'approuve en son 
en tier la marche que vous suivez dans le dernier (new v edition) et la 
prefere de beaucoup k celle indiqu^e par M. Poisson que je regarde 
comme tout a fait impracticable, du moins quand on ne se borne pas 
h la recherche de quelque inegalit^ particuli^re." 

And in a letter dated 13th Oct., 1840, he writes : — " L'ouvrage de 
Damoiseau est une oeuvre consciencieuse, mais au dessous des autres 
parties de la th^orie des inegalit^s plan^taires, Plana avait le premier 
atteint le but veritable raais par une route p^nible et heriss^e de diffi • 
cultes. Enfin vous avez le premier imprim6 des m^thodes faites dans 
la vraie direction qu'il fallait suivre; je me suis empress^ d*y en- 
trer." 

The date of my Part II. is April, 1836; of Part III., August, 1837; 
and of Part IV., October, 1840 ; so that my work on the Lunar Theory 
is the result of almost unremitting thought and labour during upwards 
of seven years ; and I defy any one to produce a passage in the speech 
of the President of any scientific society, where an original work of the 
magnitude and importance of my Lunar Theory, has been so scurvily 
treated as mine has been by Mr. Main. 

Neither M. de Pont^coulant nor myself can admit the sentence of 
Mr. Main, about the geometers, to be correct. We are not aware that 
M. Main can cite any geometer who before us treated the theory of 
the moon by the expressions in which the time is taken as the inde- 
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pendent variable. The Memoir of Poisson, which was subsequent to 
my first publications, is a theoretical enquiry, and, as Mr. Main observes, 
an interesting subject for study, but not a theory extensively applied. 
I therefore ask M. Main, in my name and in that of my friend M. de 
Pont^coulant, to retract or explain this assertion. My priority is incon- 
testable; for the Theory of the Moon of M. de Pont^coulant only 
appeared in 1846; he waited to publish it, until it was complete: 
whereas I published my results by degrees, as soon as I obtained 
them. The intention of M. de Pont^coulant to treat the theory of the 
moon by a direct method, originated in conversations between him and 
Poisson, when M. Plana's work first appeared (Poisson told me this) ; 
and this idea was, I believe, strengthened, but not suggested, by my 
work. 

I have a letter from ISJ. de Pont^coulant, dated Sept. 4th, 1834, 
in which my much valued friend acknowledges the receipt from 
me of a letter referring to the Moon ; and it appears that he was 
then occupied with the publication of vol. iii. of the Th^orie Anal., 
which treats of the planetary inequalities. Afterwards, as I pro- 
ceeded in my work, my friend favoured me with many numerical 
corrections, for which I feel greatly indebted, and all of which I 
have duly acknowledged. I regret that my friend did not pursue 
a similar course towards me. In the paper in the Conn, des Temps, to 
which I have referred above, the calcidation of the coefficient of 
cos {^gt — 2c0. p. 38, which is by no means easy (M. de Pont^coulant calls 
it ** dur h, arracher"), was done by me, and is not acknowledged to this 
day. Laplace found this coefficient equal to zero in the Conn, des 
Temps for 1824, p. 289. Plana, afterwards correcting Laplace in the 
Comptes rendus, gave another wrong value. M. de Pont^coulant, 
afterwards correcting Plana in the Comptes rendus, gave another 
wrong value. Plana afterwards corrected this error of M . de Pont6- 
coulant, and, admitting his own, gave another wrong value, viz. 

— — ; the true value is ---, which I first obtained, and sent to M. de 

Pont^coulant at his request, by whom it was inserted in the Conn, des 
Temps for 1840, p. 38. , 

And my own results are so interwoven with the author's in his 
fourth volume, that I hardly know which are mine, and which are not ; 
nor can any one know which terms taken from me M. de Pont^coulant 
has taken the trouble to verify ; for he treats all alike, merely saying, 
" on a forme I'expression suivante," or "nous avons trouv6" (pp. 100, 
106, 121, 129, 162, and passim). I thought M. de Pont^coulant had 
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at least verified my development of B, because in p. 58 he expressly 
says, "J'ai form^ Texpression suivante"; but the error which Mr. 
Cayley detected in my coefficient of cos r (Theory of the Moon, p. 34), 
is to be found also in his work, vol. iv. p. 60, where the coefficient of 
cos £ should be 



and not 



+ |(l + 2e«+2e'2_^y8) 
+ |(l + 362+.3e'«-yy2) 



The same remark, according to Mr. Cayley, applies also to the terms 
of which the arguments are in my notation 2i7, and 2r — 2i/; and if 
they do not apply to others, it is, according to Mr. Cayley, because 
M. de Pont^coulaut's development is not carried so far as mine.* 
See the Memoirs of the Ast. Soc. This development is now, thanks 
to Mr. Cayley, irrefragably established. 

A paper by Mr. Cayley is mentioned by Mr. Main : this paper con- 
tains a verification of my development of the disturbing function, which 
occupies less than six pages of my work. 

1 quote the following extraordinary passage from Mr. Main's Address 
verbatim^f lest I should be accused of misrepresentation : — " I wish, in 
particular, to point out to you, that the imperfect state of the lunar 
theory (or, rather, of its embodiment in tables, for Plana's great work 
even then existed) had attracted attention. Sir John Lubbock was 
then engaged in the attempt, to which I have before alluded, of apply- 
ing a totally new method to the lunar theory, by making the mean 
longitude the independent variable in the equations of motion ; and, in 
the course of his researches, had frequent correspondence, involving 
many deep questions, with Mr. Airy ; and the chief difficulty which 

* " The greater part of the discordant terms do not occur in Pontecoulant's 
development, which is not carried so far; and the only differences which I find in 
the coefficients of Font^coulant's 22(=:Q), are as regards the arguments 18,57, 
70, corresponding respectively to Lubbock's arguments, 62, 63, 101, included in 
the preceding table, and for which Font^coulant's coefficients, correcting for the 
change of sign, correspond with those given by Lubbock." — Cayley on the Deve- 
lopment of the disturbing Function in the Lunar Theory. 

f Address of the President of the Boyal Astronomical Society, the Rev. Robert 
Main, M.A., on the presentation of the gold medal to Frof. Hansen, for his Lunar 
Tables, on Feb. 10th, 1860 (p. 14). 
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they had to encounter, as I before hinted, was the disentangling of the 
artificial arguments devised by Burckhardt, and the finding out what 
values of the coefficients, and what arguments as deduced from theory, 
he really had used, so as to enable Sir John to compare his own results 
with them. A good deal of labour was fruitlessly bestowed on this 
part of the subject.*' What can have induced M. Main to make so 
gross a misstatement, or rather so many misstatements, I am at a loss 
to imagine. 

I beg to repudiate the compliment kindly intended for me by Mr. 
Main, and to state, that I never attempted to make the mean longi- 
tude the independent variable in the equations of motion, seeing that 
this had been accomplished more than half a century before J was 
bom. 

The opinion, that the imperfect state of the embodiment of the lunar 
theory in tables had attracted attention, is singular, and probably pecu- 
liar to Mr. Main ; for if the Astronomer Royal had been of the same opi- 
nion, how easy for him, with the ample data furnished by Plana, to put 
a computer to embody Plana's expressions in tables. As regards myself, 
it was not the imperfect state of the embodiment in tables that attracted 
my attention, but the imperfect state of the theory itself. Plana*s method 
appeared to me then, as it does now, unnecessarily difficult, circuitous, 
and prolix. And, moreover, what confidence could astronomers place 
in such gigantic calculations, when, as far as I know, not a single term 
had been verified ? And would any one think of embodying such 
expressions in tables, and using such tables for the purposes of 
navigation, without being able to form any idea how many of the 
terms could be relied on as accurate ? Now the case is different : 
M. de Pontecoulant and I, partially also Mr. Adams, are able to 
testify, that the care with which M. Plana conducted his great work, 
and the accuracy of his numerical calculations, are marvellous and 
beyond all praise ; and we can safely affirm, that tables founded upon 
his expressions, with such corrections as my researches and those of 
M. de Pontecoulant and Mr. Adams have elicited, and with Airy's 
constants deduced from the Greenwich observations, would furnish 
places as near or nearer to observation than any other. 

I hope for Mr. Main's support in this view of the question ; but the 
Astronomer Royal no doubt believed M. Plana's expressions to be full 
of mistakes, notwithstanding the verification they have undergone ; or 
if not, why did he abandon those which all astronomers can under- 
stand and appreciate, and betake himself to Prof. Hansen's, which 
no mathematician has seen or verified. This step of the Astronomer 



15 

Royal, if approved by astronomers and if persisted in, is equivalent 
to ignoring all that has been done by Plana, by M. de Pont6- 
coulant, and by myself; to say nothing of Laplace, Damoiseau, and all 
the great mathematicians of the last century. As long as I have a 
voice, I vrill endeavour to make it heard against this act of barbarity, 
and I will contend for the necessity of a literal solution first insisted 
upon by the Astronomer of Turin, even against so powerful an adver- 
sary as the Astronomer Royal. 

OvTic, lfi€V ^ijjVTOQ Kal IttI x^ovl SepKOfikvoio, 
2oi KoiXyc irapd vrivai Papsiac xiipuQ Ivoitrei . 
^vfivavTutv AavaHiv' oiB* r^v 'Ayafikfivova diryc, 
**Oc vvv TToWbv dpiaroi 'AxaiSiv tvxtTot ilvai. 

But, in fact, Tables of the Moon were published in America in 1853, 
founded apparently on the values of the coef&cients given by M. de 
Pontecoulant in vol. i v. p. 624. These tables are used for finding the 
places of the moon given in the American Ephemeris ; and if the com- 
parisons with observation given in the Ast. Nach. 1255, in the Ameri- 
can Astronomical Journal, voLvi. No. 9, and in the Monthly Notices for 
May 1 1th, 1860, can be depended upon, their accuracy is scarcely, if at all, 
inferior to Hansen's tables. Still I feel sure they might be improved ; but 
even if those tables, founded upon intelligible and literal expressions, 
were less accurate, it would be easy, by a careful discussion and exami- 
nation of the differences between calculated and observed places, to dis- 
cover which coefficient or coefficients wanted retouching ; and no 
doubt, in many cases, the approximations ought to be carried fur- 
ther. If, after all, the tables failed to satisfy the observations, as Mr. 
Adams's secular inequality of the longitude appears to do, we should 
have an indication of great value, not that the tables were wrong, but 
that some other principle in the mechanism of the heavens remained 
undetected. So Prof. Hansen, finding the places given by his 
tables differ from observation, was led to his wonderful discovery, 
that the centre of gravity of the moon differs from her centre of figure. 
See letter of Prof. Hansen to the Astronomer Royal, published in the 
" Monthly Notices" for Nov. 10th, 1 854. It would be interesting to know 
whether this new principle, for which we are indebted to the errors of 
Prof. Hansen^s coefficients, extends to tjie earth and the other planets, 
or whether it is confined to their satellites. It is due to Prof Hansen 
to remark that, in p. 570 of the 2nd. vol. of the Mec. Cd., Laplace 
appears to have proved that the moon is not homogeneous, and that she 
has not the form which she would have had, if she had primitively been 
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in a fluid state. But as far as I am aware, there is nothing in the 
M^. C^l. to lead to the supposition that the centre of gravity of the 
moon does not coincide with her centre of figure. 

That it would be desirable to carry the approidmations further, is 
evident from the fact that M. de Pont6coulant has added the following 
terms, by mere induction, to his expression for the longitude, in vol. iv. 
p. 601. 

-•660 sin (2r-0 + 500 sin (2r-2?) + 600 sin (5+^,) + '720 sin iK-Q 
[3] [9] [11] [14] 

+ 1-45 sin (2r-4+Q + -500 sin (2r-30- -590 sin (2?+0 +'450 sin (2r-2?-5,) 
[15] [21] [23] [24] 

+•660 sin (24-$,) + '220 sin {K-H,) - '600 sin (2r+2jj) + -1 80 sin ($-2»j) 
[26] [32] [64] [65] 

- -700 sin r — ^400 sin (r-$) - '160 sin (r+|) + '300 sin (r+.|,) + '700 sin 4r 
[101] [102] [103] [106] [131] 

^•600sin(4r-y 
[132] 

M. de Pont^coulant has added, by induction, the following terms to 
his expression for the latitude (vol. iv. p. 611). 

•600 sin (2r+ J?) + -600 sin (2r-$-J7) + -800 sin (4^-1?) -f- 800 sin (4,+j|) 
[148] [151] [156] [156] 

-f-500 sin (2T-K-K—rj) — '200 sin Srj + '85 sin (4r-|-J7) 
[169] 

We have the authority of the Astronomer Royal for believing 
that tables founded on Flana's coefficients would be far preferable 
to Burckhardt's. The Astronomer Royal, in the Monthly Notices 
for April, 1859, says, " It must be borne in mind, that no comparison 
has been made either of Damoiseau's tables, or of tables formed 
from Plana's theory, adapted to corrected values of the eUiptic con- 
stants; and that it is not improbable that they might be found to 
occupy a very high place as regards accuracy. The comparisons in the 
Greenwich Lunar Reductions of Plana's theory, based on Damoiseau's 
and Plana's elliptic constants with observations, show that it is greatly 
superior to Burckhardt*s/' 

Mr. Main states, that the chief difficulty we had to encounter (i.e. 
the Astronomer Royal and myself), in applying a totally new method 
to the lunar theory, by making the mean longitude the independent 
variable in the equations of motion, was the disentangling of the arti- 
ficial arguments devised by Burckhardt, and the finding out what value 
of the coefficients, and what arguments as deduced from theory, he 
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really had used, so as to enable me to compare my own results with^ 
th^m. 

It is not trae that the Astronomer Royal attempted to apply a new 
method to the lunar theory ; and I do not recollect having received a 
useful hint of any kind, or a correction (for so many of which I am 
indebted to M. de Fontecoulant) from him. I do not make this a 
reproach to the Astronomer Royal : he has revolutionised the theory 
and the practice of the construction of astronomical instruments, as 
well as of the making and ordering of observations ; he has borne the 
chief labour in almost every government commission for scientific pur- 
poses ; he has been engaged in optical researches, or in writing pro- 
found memoirs on some branch of abstract or mixed science, some of 
which are in the TransacHona of the Astronomical Society : his labours 
in other branches of astronomy have been so important, and the occu- 
pations of his high position so incessant, that he may well be excused 
if, in addition to his other contributions to science, he has not attempted 
to calculate from theory any of the lunar irregularities. But so far 
from his ever having given me the slightest assistance or encourage- 
ment in that direction, his views and opinions on the lunar theory 
appear to be opposed to mine, and in accordance with those of Frof. 
Hansen. 

I fear that there must be something in my correspondence with the 
Astronomer Royal, which has led M. Main to think that I wanted to 
compare my results with Burckhardt's ; in which case I must admit 
myself in error ; for my expressions had not then, nor have they since, 
arrived at that degree of completeness, without which they could not 
(with very few exceptions) be comparable with those of Burckhardt 
properly transformed. It is true, that I wished to compare his coeffi- 
cients with those of Plana and Damoiseau ; for as, to my great re- 
gret, Burckhardt's tables were then used for the Nautical Almanac, 
and as the Greenwich observations were compared with the places 
from Burckhardt's tables, it was in this way possible to form a rude 
idea of the accuracy which places calculated by means of Plana's 
or Damoiseau's expressions would attain; I was very much surprised 
to find how nearly all the three coefficients agreed. But I do not con- 
sider this the most important object which can be achieved by a 
transformation of Burckhardt's tables, if performed with sufficient care. 
Suppose Burckhardt's tables to be used to procure places of the moon, 
and suppose it should be wished to get some places from Plana's 
values of the inequalities, it will not be necessary to throw all his ine- 
qualities into tables, but only their differences from, my transformed 

c 
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Bupckhardt's coefficients, which will be sufficient to give the diffier- 
ences between those places and those of Burckhardt. And so for 
M. de Pont^coulant's or any other. It is not trae» therefore, that 
labour was fruitlessly bestowed upon this part of the subject. 

It is true, that I entreated the Astronomer Royal to give me his 
assistance in transforming Burckhardt's expressions ; for although I was 
conversant with the lunar theory generaUy, this calculation is not 
exactly the same as* that of the determination of a coefficient in the 
perturbations of the moon, and it is extremely troublesome. In con- 
sequence of his valuable aid, I believe the transformation of Burckhardt's 
expression for the longitude, given in p. 331 of my work, may be con- 
fidently relied upon. Unfortunately, the Astronomer Royal was unable 
to assist me in the transformation of the latitude ; and it was still more 
unfortunate, that we both omitted to transform Burckhardt's expression 
for the lunar parallax. We thought those errors impossible, which 
were afterwards detected by the sagacity of Mr. Adams ; and which 
could not have escaped us, if we had treated Burckhardt's expression 
for the parallax as the Astronomer Royal and myself treated his 
expression for the longitude, and as I treated his expression for the 
latitude. This unfortunate omission, as is well known, retarded the 
reduction of the Greenwich observations of the moon, and made it 
necessary to do over again a great deal of that work, entailing much 
additional labour and expense upon the Admiralty. 

Professor Hansen has propounded lunar tables which are character- 
ised by two peculiarities. 

In the first place, no one, if I am correctly informed, has seen the 
expressions upon which they are founded ; and probably, if they did, 
not a dozen mathematicians in Europe would understand them. 

In the next place, his expressions are not in the same form as those 
of any other mathematician. 

The consequence of these peculiarities is this, that it is utterly 
impossible to form any notion of the accuracy of Prof. Hansen's 
expressions, except by that test, which is so satisfactory to the Astro- 
nomer Royal and to Mr. Main, the test of the comparison of places 
obtained by theory with those obtained by observation. 

Mr. Main admits that advantages must be allowed to be attached to 
the preservation of the literal values of the coefficients throughout the 
whole investigation, as was first done by Plana, and is the plan pursued 
by Laplace latterly, by Poisson, by M. de Pont^coulant, by Mr. Adams, 
by Delaunay, and by myself; m fact, by every mathematician except 
Prof. Hansen ; but I go further, and I say, that, in my opinion, any 
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tibeoiy which does not do so, in the present state of the subject, is of 
little use. * 

The opinions of M. Plana, which the Astronomer Royal and Prof. 
Hansen disregard, are recorded in the following passages of his great 
work ; — 

" En g^n^ral toute th6orie de la lune qui ne fournit pas pr6cis^- 
ment ces coefficiens num^riques absolus, doit 6tre regard^e comme 
incomplete, puisque ces nombres aussi mathematiquement exacts 
que ceux qui entrent, par exemple, dans la serie de Taylor, sont une 
consequence n^cessaire de la gravitation universelle et de la forme des 
Equations diff(6rentielles qu'il s*agit d'int^grer " (Plana, vol. i. p. 142). 

" Les theories de la Lune publie^s jusqu'ici n'ofiPrent pas une expres- 
sion litterale et explicite des trois coordonn^es : elles portent toutes le 
caract^re d'une solution qu^on pouirait appeller mixte, en r^fl^chissant 
qu'on y precede par des operations alg^briques entrelac^es avec des 
operations arithm^tiques ; or les quantit^s num^ques absolues se 
trouvent envelopp^es avec les valeurs sp6ciales des constantes arbi- 
traires. Outre cela, on ne pent pas dire, k la rigueur, que Tapproxi- 
mation ait 6t^ conduite de manidre, que les coefi&ciens y sont exacts 
dans les quantit^s d'un ordre determine ; du moins au de 1^ du troi- 
si^me ordre, g^D^ralement parlant. Les preuves de cette assertion se 
d^duisent des resultats m^mes de ces theories, en les ramenant k la 
forme praise que nous avons adoptee. Alors on voit souvent des 
differences entre les coefficiens num^riques absolus qui disparaissent 
par un examen fait avec soin sur les difPerentes parties qui concourent 
k leur formation ; et cela, en d^voilant remission de celles r^sultantes 
du d^veloppement de quelques termes du mSme ordre et de la m6me 
forme que ceux qu'on a conserves. Nous avons donn^ plusieurs exem- 
ples de comparaison de cette esp^ce dans le cours de cet ouvrage ; et 
il faut en examiner les details pour se persuader de leiir justesse. 
Notre but, dans ces comparaisons, a ^t^ de faire voir seulement, que le 
principe, par sa nature inviolable, de tenir compte de toutes les quanti* 
t^s du mSme ordre n'a pas ^t^ toigours suivi ; et que par fois, on s'en 
est ai&anchi en commettant Tinconsequence de conserver des termes 
plus petits que ceux que Ton avait n^glig^s. Mais nous admettons, 
que, par des heureuses compensations, on soit tomb^ sur des resultats 
sensiblement d'accord avec Tobservation. Car on salt bien, que les 
erreurs de ce genre seront considerablement att^nu^es apres la reduc- 
tion en nombres des facteurs qui conservent naturellement la forme 
litterale jusqu'^ la fin de Tintegration. Mais cela n'emp^cbe pas, que 
leur existence ne soit un motif suffisant pour rendre la solution plus ou 
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moins contraire k la doctrine des BfynoB, et feire attaribuer le succ^s k 
des relations fortuites entre ks grandeurs donn^es par Tobservation *' 
(Plana, Introduction, vol. I. p. viii.). 

'' En s'^cartant de ce principe, il est impossible que les coefficiens 
cherch^ soient exacts, analytiquement parlant; il est possible qu'ils 
le soient, plus ou moins, apr^s la reduction en nombres des facteurs qui 
conservent la forme litt^rale. Mais dans I'etat actuel de la science on 
est en droit d'exiger une determination des diff(^rens coefficiens qui, 
dans un ordre determine, soit exacte k Tegard des coefficiens num6- 
riques absolus, dont la recherche constitue la vdritable difficult^ da 
problfeme" (Plana, vol. i. p. 157). 

I have quoted these passages from M. Plana's work, because I think 
them of great importance ; and because I think, if they had been more 
generally known to astronomers, the Astronomer Royal would not 
have ventured to support Prof. Hansen's views in the opposite direc- 
tion, or have contributed the money of the government to bring 
forward his tables. 

It is quite true, that, by ignormg this prmciple, expressions can be 
obtained with greater facihty; and both myself and M. de Pont^- 
coulant wasted some time originally in this direction ; but this &ci- 
lity is obtained by the sacrifice of all means of detecting error. 

Not only M. de Pont^coulant and myself were aware of the facility 
which may be obtained by abandoning the literal development, but 
after he had made considerable progress in the subject, he was almost 
tempted to give it up, as appears by the following passage in a letter 
without date, which I received from him probably in 1838 : — " Je suis 
effray^ de voir ce qui reste encore k faire pour atteindre le m^me 
degr^ de precision que M. Plana et pourtant tant que nous n'avons pas 
rempli cette tlU;he on nous dira que notre travail est incomplet, c'est 
Ik ce qui m'a fait regretter un moment de ne pas avoir adopts une 
marche analogue a celle de Laplace, la solution est num^rique il est 
vrai, mais elle pent etre complete sans de trop grands efforts ce qui est 
un avantage immense et que n'offire pas la solution lltt^rale qui se com- 
plique de plus en plus k mesure qu'on avance." 

In fact, there are four methods which have been used with a view of 
procuring places of the moon sufficiently good to be used for finding 
the longitude at sea. 

First. In the infancy of the art, empirical tables were deduced from 
observation, the arguments of the equations being those sug- 
gested by theory. 
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Secondly. Tables were deduced from the theory of Laplace by a 
solution more of an arithmetical, than a symbolical nature ; such 
are the Tables of Damoiseau. 

Thirdly. Plana produced his analytical or symbolical method, in which 
the coefficients are given literally, but deduced from the inverse 
expressions by means of the reversion of the series. 

Lastly. I published the direct solution, which M. de Pont^coulant 
has worked out, in which the coefficients are given in a literal 
form ; and the difPSerential equations employed are those used 
in determining the perturbations of the planets. When the 
approximations shall have been carried to a sufficient extent, 
if that has not been done already, I do not see how any further 
improvement will be possible. 

Prof. Hansen's method deviates from all of these, inasmuch as he 
finds a quantity which being added to the mean anomaly in the elliptic 
expression for the longitude, gives the true value of the longitude, 
including the perturbations caused by the sun. 

Of course. Prof. Hansen's places are not i^de frt)m the mark, especially 
as he alters his coefficients, to make them agree with observation, by 
supposing the centre of gravity not to coincide with the centre of figure 
of the moon. Probably not one of our coefficients is much in 
error ; but there is this difference : every mathematician may, if he 
chooses, contribute something to improve the latter ; they have been 
improved already, and they will be gradually improved more and more, 
and brought up to keep pace with the requirements of navigation and 
the observatory in future ages : whereas no one can judge of the 
value of Prof. Hansen's intrinsically, and no one has any chance of 
detecting or removing any mistake, if such should exist. 

Professor Hansen professes to have constructed his tables according 
to the Newtonian principle of universal gravitation. Let us see whether 
they are entitled to this character. 

M. Hansen assumes, that the centre of gravity of the moon does 
not coincide with her centre of figure, and that, in consequence, all 
the coefficients of perturbation for the mean longitude must be multi- 
plied by a constant factor, and his latitudes diminished by 1^'; this fac- 
tor, which he found from the errors of his coefficients to be 1-0001644 * 

* ** Le facteur des in^gaUtes de Tanomalie moyenne resultant de la distance 
entre le centre de gravite de le Inne et le centre de sa figure est 

= 1-0001544 
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for some, and 1 •OSS 7 3 for others, enabled him to anjs^ent his erro- 
neous value of the evection by '''69 ; and he reminds the Astronomer 
Royal that he found Plana's value of the coefficient of the evection to 
require an increase of 1"*28, the value of his coefficient of the variation 
to require an increase of "'6S, and of the coefficient of the annual equa- 
tion of 1"07. But M. de Pont^coulant, going over the ground after 
Plana, found the values which are given in p. 27, agreeing exactly with 
the determinations of the Astronomer Royal. If this new theorem can 
be proved, our coefficients, which are now so close to those for which 
astronomy is indebted to the Astronomer Royal, must be multiplied by 
1 '0001544. This would raise our value of the coefficient of evection 
to 4587"-711, and our coefficient of variation to 23 71"* 16, making the 
errors or differences from the values determined by the Astronomer 
Royal respectively -"90 and -"37, instead of -Oil and -099. This 
successful determination of the evection by M. de Pont^oulant, includes 
'"bb obtained by mere induction (see p. 16); and the result is, there- 
fore, less satisfactory than it would have been if the coefficient had 
been entirely found by calculation. According to the last determina- 
tion of the Astronomer Royal, the coefficient of the parallax;tic ine- 
quality is — 124"-7. In order to procure a coincidence with this value 
and that of M. de Pont^coulant, which is — 122"-378, it would only 
be necessary to raise the value of the sun's parallax from 8"-6, the 
value employed by M. de Pont^coulant, to 8" '7 63, an alteration which 
is admissible. But to raise this coefficient 4'' '3, as Prof. Hansen does 
by the arbitrary factor 1*03573, would require aa alteration of the 
sun's parallax by '"23. I consider it impossible by Prof. Hansen's 
methods, or by any numerical solution, to be certain of arriving at 
great accuracy in the values of the coefficients; but in the hands of 
so great a mathematician as Prof. Hansen, and so very skilful a com- 
puter as Prof. Hansen, I should not anticipate in any coefficient such 
an error as 4"* 3. Until Prof. Hansen is able to derive this theorem, 
that the moon's centre of gravity does not coincide with her centre 
of figure, from the laws of gravitation, we shall maintain that our 
coefficients of longitude do not want to be multipHed by any factor, 

le factenr indiqn6 par les observations, par leqael ces in^galites pr6cedentes, qui 
dependent de la parallaxe da soleil, doivent etre multipliees, est 

1-03573 
et k cause de la coordonn^ perpendiculaire a Tecliptique du centre de figure de la 
lune par rapport a son centre de gravite, aux latitudes donnees par les expressions 
precedentes il faut ajouter — r'-OO." (Introduction to Professor Hansen's Tables, 
p. 16.) 
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or our latitudes to be diminished by V; we shall maintain that our 
coefficients are correct, and that Prof. Hansen's are at best empirical, 
and not deduced, as he pretends, from the Newtonian law of universal 
gravitation. 

But if Prof. Hansen moves the moon's centre of figure ever so fax 
firom her centre of gravity, will he bj so doing cure his erroneous 
value of the evection ? I fear not ; and I think he will have to doctor 
it upon some other principle. I trust Prof. Hansen will give up the 
Newtonian law of universal gravitation, and admit that his tables only 
pretend to be empirical. 

But it may strike the reader ^ possible, that this surprising agree- 
ment between our coefficients and those of the Astronomer Royal may 
arise &om the circumstaace that M. de Pontecoulant, instead of having 
calculated the coefficients as he pretends to have done, copied them 
from the Greenwich Reductions. I may therefore mention, that the 
determinations of the Astronomer Royal were first published in 1848 ; 
whereas M. de Pontecoulant's Lunar Theory was published before, viz., 
in 1 846. The Astronomer Royal's determinations, quoted above, are 
not yet published ; and he has kindly given me a proof of his paper 
read at the Astronomical Society on the 8th July, 1859, from which 
they are taken ; so that M. de Pontecoulant has not yet seen them. 

Mr. Main says (Address, p. 13) : — 

'' There is still one more work of considerable importance, namely, 
the American Tables of the Moon^ published in 1853, under the super- 
intendence of Lieutenant Davis, U.S.N., and by the authority of the 
Secretary of the Navy, according to the arrangement of the distin- 
guished mathematician Professor Peirce. These Tables are based on 
Plana*s theory ; but the coefi&dents of the inequalities are corrected by 
the results given by the Astronomer Royal as arising from the discus- 
sion which closed his great work of the Reduction of the ancient 
Oreentmch ObservationSj as well as by some corrections due to investi- 
gations of Professor Longstreth. There are also included, Hansen's 
two long inequalities due to the action of Venus, as well as his value of 
the secular equation of the moon's mean motion, and of the motion of 
the perigee. K these Tables be considered merely with reference to 
their current value (that is, as giving tabular places of the moon worthy 
of considerable confidence), there can be no dispute with regard to the 
high estimation in which they should be held ; but the want of uni- 
formity in the chosen values of the coefficients of the inequalities, must 
detract in some measure from their value, when considered in relation 
only to the advancement of the abstract theory of the lunar mo- 
tions." 
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I entirelj acquit Mr. Main of making any intentional misstatement, 
either as concerns these American Tahles or any other subject noticed 
by him in his Address. 1 am confident his surprise would not have 
been less than mine, if he had found out the true character of these 
American Tables, or that eight of the empirical corrections of Mr. 
Longstreth, published by him in 1853, had been obtained from theory 
with immense labour, and published by M. de Pontocoulant seven 
years previously. But, unfortunately for M. de Pontccoulant and my- 
self, Mr. Mun*s statements do us as much mischief as if they had 
been made intentionally. Mr. Main's high character as an astro- 
nomer, his professional position at the Greenwich Observatory, and 
his distinguished position as President of a Society which has con- 
tributed as much as any other in this country to the advancement of 
science, give his opinions a weight which mine, who am only a banker 
and an amateur, will not carry with them ; and hundreds will read his 
Address, who will never read these pages. 

The following is the first sentence in the Introduction to the American 
Tables :— 

" These tables are constructed firom the theory of PLANA, modified 
by the theoretical investigations of HANSEN, and the empirical cor- 
rections of AIRY and LONGSTRETH." 

The plain meaning of this sentence is, that they had availed of the 
expressions used by Plana generally, and that they had obtained the 
coefficients independently, or that Hansen had modified them ; but it 
is not so. The coefficients of Plana, verified and confirmed by Pont^ 
coulant and myself, in the expression for the longitude, are adopted 
universally, except in eleven cases where empirical corrections of Plana's 
coefficients were furnished by Mr. Longstreth, and in seven cases where 
the coefficients had been determined empirically by Airy. But even so^ 
justice is not rendered to our work ; for the coefficients are only given 
to tenths of seconds, although we obtained them to the hundredths and 
even thousandths of seconds : as this is the case, a great deal of our 
work is thrown away. This degree of accuracy is, moreover, incon- 
sistent with the extent to which the decimal places are carried in the 
periods of the arguments which are given in some cases, as in that of 
the variation, to the ten> millionth of a day, '00001" in sexagesimal 
seconds, or the hundred-thousandth of a second* 

Eight of the empirical corrections of Mr. Longstreth correspond to 
those arguments to which my friend, M. de Pontccoulant, subjoined the 
following note : — " Nous avons marqu6 d'un (a) les resultats de M. 
Plana que nous avons reconnus fautifs par la revision de ses formules." 
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Mr. Longstreth does not teU us what observations he made use of 
to obtain these empirical corrections, or how he set about it. 

There are eight empirical corrections of Mr. Longstreth in the 
American Tables, corresponding to the following arguments : — 

Lubbock. The Ambbicans. Coefficient. 

Index. Argument. Index. Argument. Plana. Font^coulant. Longstreth. 

7 2r+?, 15 [120] — 23-611 -f- 26*036 25-0 

11 ?+?, 10 [101] —111-099 —109-886 —110-0 

12 2r— 5— 5^ 6 [r2l'] +209-742 +206-919 +206-9 
24 2r— 21— ?, 21 [12'2] + 7*762 + 9-161 + 9*2 
27 2r— 2?+?, 69 [l'2'2] — 1-395 — 1277 — 2-2 

133 4r+? 26 [41] + '855 + 1*277 + 1-9 

136 4r— 21 7 [42'] + 34-518 + 31-153 + 31-2 

4r— 2^— I, 32 [1'42'] + 1-197 + ri91 + 3*0 

It appears, from the Appendix to the American Nautical Almanac 
for 1855, that in addition to the above, Mr. Longstreth furnished the 
following three corrections. Nothing is there said of the mode adopted 
by Mr. Longstreth to find, these corrections, except that he obtained 
them empirically, which is very unsatisfactory. 



idex. 


Argument. 


Plana. 


Pontecoulant. 


Longstreth. 


64 


2r+2i| 


— 3-376 


— 6-728 


— 5-776 


65 


?-2„ 


37191 


39-427 


39-391 


67 


2r-?-^2i| 


•030 


•514 


-630 



Of these eleven coeflGlcients furnished by Mr. Longstreth, eight are 
identical with those of M. de Pontecoulant; of the remaining three 
coef&cients, which therefore require particular attention, the following 
are the values according to 





Biirg. 


Burckhdt. Damois. 


Plana. 


Pont. 


Longsth. 


27 


2r— 2^+1, 2-5 


2-4 2-5 


—1*4 


—1-3 


2-2 


133 


4r+^ 1-9 


2-3 ^43 


-85 


1-3 


1-9 




4r~2C-^, 


2-3 3-0 


1-2 


1-2 


30 



The weight of observation appears decidedly against our values ; but 
it will be seen hereafter how difficult it is to suppose Pont^oulant's 
values erroneous. 

There are two other cases where Pont^oulant says that Plana's 
coefficients are in error : in the one, the Americans adhere to Plana's 
yalue; in the other, they appear simply to have taken Pont^coulant's 
value, and called it Flana's. The following are the cases in ques- 
tion : — 



Lubbock. 




COBFTIOIIBVT. 


Index. Argument. 


Plana. 


Fontecoulant. The Americans. 


U «~5, 


4-148-059 


+147-691 +148-1 


22 2r+3f 


+ 3-309 


+ -902 + -8 



It is usual for mathematicians and philosophers working upon the 
same subject, even when they arrive at contrary conclusions, to pre- 
sent each other with copies of their works ; but I only first heard of 
the existence of these American tables from the sentence in Mr. Main's 
address, and neither M. Plana nor M. de Pont^coulant have seen them 
to this day. 

There are eleven coefficients in the longitude, in which Pont^coulant 
differs from Plana, and says that he has traced the mistake ; '^ reconnus 
fautifs," is the expression of Pont^coulant. 

Plana. Ponteconlant. The Americans. 



7 


2r+f, 


— 23-611 


— 25-036 


— 260 


L. 


11 


^^?, 


—111-099 


—100-886 


—110-0 


L. 


12 


2r~|-^, 


209-742 


206-919 


206-9 


L. 


14 


5-^, 


148059 


147-691 


1481 


P. 


22 


2r+3$ 


3-309 


•902 


-8 


P. 


24 


2r-25-?, 


7-762 


' 9-161 


9-2 


L. 


39 


2r— 4? 


•873 


•606 


•9 


P. 


64 


2r+2i, 


— 3-376 


— 5-728 


— 5-8 


L. 


65 


f-2iy 


37-191 


39-427 


39^4 


L. 


133 


4r+? 


-855 


1-277 


1-9 


L. 


136 


4r— 2$ 


34-518 


31153 


31-2 


L. 



Of these eleven corrections, published by Pont^coulant in 1846, 
Mr. Longstreth pretends to have discovered empirically eight in 1853 ; 
but, in the Introduction to the American Tables, no mention is made 
either of myself or of Pont^coulant. The Americans appear to have 
taken Pontecoulant's coefficient (Arg* 22), slightly altering it, and 
attributing it to Plana. 

The American Tables were published in 1853, and have been used 
since then for the calculation of the places in the American ephemeris. 
M. de Pont^coulant's fourth volume was published in 1846. The 
places given by the American Tables appear to have an average /error 
of about 2''-5; therefore they are within the errors of observation. 
A just posterity will give, not to the Americans who employed our 
coefficients, not to Prof. Hansen who published empirical tables in 1857, 
but to us, that is, to Plana, Ponteconlant, and Lubbock, who in 1846 
furnished the means of constructing tables of the moon without any 
empirical hypothesis, the credit of first bringing the errors of the lunar 
theory within the limits of the errors of observation. 
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I regret extremely to differ from so great a mathematician as Prof. 
Hansen, upon the merits of an empirical or even a nnmerical solution 
in the lunar theory; but it would be uigust to deny to Prof. Hansen 
the very great importance of his discovery of the inequalities of the 
moon due to Venus ; and should he succeed in determining their 
coefficients from theory, no mathematician wiU be more glad than 
myself to welcome the triumph of the illustrious astronomer of 
Gotha. 

The Astronomer Royal's most recent determinations are as follows: 



Variation . . 


// 
. 2370-7 


Ours are 2370199 


u 
Diff. -099 


Bvection . . 


. 4587-01 


„ 4586-999 


„ -Oil 


Annual Eq. . 


. 669*0 


„ 668-932 


„ -068 


Par. Bq. . . 


. 124-37 


„ 122'371 


„ 1-992 



But if we take the Astronomer Royal's determination of the Par. 
inequality from the meridional observations, it is 122"'79, and the dif- 
ference from ours is only "-4 12. The equation of the centre, according 
to the Astronomer Royal, is 22639"'06. 

The notation of these American Tables is so curious, that for some 
time I could not identify the arguments; and I should never have 
done so, if my friend Mr. Adams had not kindly enabled me to deci- 
pher them. This notation is unlike anything I ever met with. The 
following comparison with my notation may be useful to others who 
have the same difficulty as myself : — 



liOBBOOK. 


Tbs A 


menTCAm. 


Index. Argameot. 


Index. 


Argument. 


1 It 


3 


[20] 


2 $ 


1 


[1] 


8 2r— 1 


2 


[211 


4 2r+5 


7 


[21] 


5 \, 


4 


[100] 


6 iT—i, 


8 


[1'20] 


. 7 2r+«, 


15 


[120] 



The Americans express the arguments by numbers, " in which the 
digit occupying the place of units is the coefficient of x, that in the 
place of tens is the coefficient of t, that in the place of hundreds is the 
coefficient of Zy that in the place of thousands is the coefficient of y, 
and that in the place of tens of thousands is the coefficient of m." The 
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accents apon. the nambers indicate that the coefficient is negative. 
Thus the number of the argument [14^253^] denotes 
u — 4y + 2<2 + ot — 3a?. 

g is the mean anomaly of the sun. 

u the uncorrected mean longitude of the moon. 

X the mean anomaly of the moon. 

y the mean argument of the latitude. 

t the argument of the variation. 

The Americans also use the same index for any argument and for its 
multiples ; the parallactic equation and the variation thus have the 
same index. This method may do as far as tables are concerned, but 
of course could not be used in the mathematical theory. The indices 
are also arranged in the order of the magnitude of the coefficients ; 
they differ, therefore, entirely from mine and from those of M. de 
Pont^coulant. 

Nor is it true, as Mr. Main states, that the coefficients of the ine- 
qualities are corrected by the results given by the Astronomer Royal ; 
the fact is, in the expression for the longitude, 7 coefficients are taken 
from Airy's work, as determined by him from the observations empiri- 
rically : all the rest are taken from us ; that is. Plana, Pont^coulant, 
and myself. 

As these American Tables are based on theory, and as, according to 
Mr. Main, they are worthy of high estimation, why were they not used 
in the Nautical Almanac f and why were they not taken as the 
standard of comparison with Prof. Hansen^s tables by the Astronomer 
Royal, in April, 1859, instead of Burckhardt's tables, which were pub- 
lished in 1812, that is, more than forty-seven years ago? The Astro- 
nomer Royal says, that '' probably in no recorded instance has practical 
science ever advanced so far in accuracy by a single stride." This 
misrepresentation of the real facts of the case, is arrived at by ignoring 
altogether the American Tables and the labours of Rana, Pont6cou- 
lant, and myself, by whom the coefficients employed in the Ame- 
rican Tables were obtained. If the Astronomer Royal had compared 
Hansen's tables with those of D'Alembert, published in 1754, the 
stride might have been made to appear mtich greater Nor was the 
Astronomer Royal ignorant of the fact that Plana's theory was greatly 
superior to Burckhardt's, as may be seen from the passage I have 
quoted from the Astronomer Royal in p. 12. 

Upon one pomt I thoroughly agree with Mr. Main. Mr. Main 
laments, that in the Nautical Almanack^ and other similar works, 
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Damoiseau's Tables had not been chosen, instead of those of Burckhardt. 
I not only lamented it, I remonstrated with the late superintendent on 
the subject ; but I did not cany my remonstrances far, as I was pain* 
fully aware that my opinions carried no weight with him. Mr. Stratford 
discharged the duties of his position very ably and conscientiously, and 
he raised our iiational Ephemeris to a degree of completeness which it 
never had attained before, and which no other similar work has yet 
attained (as far as I know) ; but he had not the knowledge of theoretical 
astronomy, which would have enabled him to understand the merits of 
a question of this kind. 

My opinion on this subject is the same now as it has always been. 
I think all empirical tables are an opprobrium, and are only to be tole- 
rated as long as none others can be found, except such as are consi- 
derably worse. 

I estimate the average error of Burckhardt's tables to be 8" of space ; 
that of the American Tables to be 2 '5''; and that of Hansen's tables to 
be 2", If this estimate be correct, and I am certain it is not far from 
the truth, if we take the stride made by Hansen for unity of stride, 
that made by the American Tables is represented by eleven; and 
therefore, so far from the fact being as stated by the Astronomer 
Royal, that no practical science was ever advanced so much by a single 
stride as it was by Hansen's tables, we see that in the very same sub- 
ject the stride made by us whose labour contributed to form the 
American Tables, is eleven times greater than that made by Hansen. 

Unless energetic steps are taken to obtain tables for calculating the 
place of the moon from our coefficients, the Astronomer Royal^s injudi- 
cious patronage of Prof. Hansen's methods may retctrd the advancement 
of the lunar theory by half a century. Prof. Hansen pretends, without 
truth, that when the expressions are broken up and developed ac- 
cording to powers of w, they diverge ; and he accounts in this way 
for the disagreement of his value of the secular inequality from that 
of Mr. Adams and Delaunay ; but Mr. Adams, by calculating the value 
in both ways, has shown that this argument is fallacious; and M. 
Delaunay has made this convergence sensible by exhibiting as follows 
the numerical values of the coefficients of the different powers of m in 
the secular inequality. See Comptes Rendus, 25 April, 1859. 
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-I-10-659 — 2'343 -1-682 --711 -'247 —-062 

The terms decrease progressively as the approximation is carried to 
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higher terms ; thus in the coefficient of the Evection of which the total 
value is 4585 '^'6, the part composed of terms 

of the second order amounts to 3173"*4 
„ third „ „ 1040 -4 

„ fourth „ „ 295 -0 

and, lastly, the part composed of terms of the eighth order amounts to 
•"107. (See Letter of M. Plana to M. Biot, dated the 16th October, 
1857, where this objection of M. Hansen is fully treated of. 

The importance of maintaining the literal development is well illus- 
trated by what happened recently in regard to the secular equation. 
Mr. Adams communicated to the Astronomical Society his expression 
for the secular inequality, in which there occurred the term 

17053741 ^ 
576 ^^ 

When M. Delaunay saw this, he compared it with the result at which 
he had arrived independently, and he found that his coefficient differed 

from that of Mr. Adams by ; upon which he examined his cal- 

576 

culations, and not finding any error, he wrote to Mr. Adams, to inquire 

whether he could be quite sure his figures were right. Upon this, Mr. 

Adams examined his papers, and found that, by inadvertence, he had 

transcribed a wrong figure in one of the operations, which iie had made 

in calculating the coefficient of rnf ; and when this fault was corrected, 

his result became identical with that of M. Delaunay. 

Mr. Main seems to think that I discontinued to work at the Lunar 
theory, from want of leisure. This is not the case. When I had com- 
pleted my Pa^t IV., I had planned everything. I had given methods 
applicable to every kind of periodic inequality, and examples of their 
appHcation. I had verified all Plana's terms to the fourth order inclu- 
sive, and a great many beyond. I had satisfied myself that few, if any, 
numerical errors of consequence remained to be detected in Plana's co- 
efficients ; but there remained most tedious and difficult numerical 
computations which M. de Pont^coulant was well able to perform; and 
which I knew, from his letters to me, he would complete. 

But this is not all, I wished to be quite sure that the earlier terms 
were right. If % coefficient is wrong at the commencement, the error 
infests many of the succeeding terms, and much of the work has to be 
done over again. 

In my opinion, the aim of the theoretical astronomer, even although 
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his work ehould be despised by the ignorant or the impertinent* should 
not be to rush to the construction of Tables and the comparison of 
predicted places with observation ; but to lay the foundations of his 
work with such solidity, that they may bear with safety all the weight 
which may be thrown upon them afterwards. 

Quod non imber edax, non Aqnilo impotens 
Possit diraere, aut inniimerabilis 
Axmorum series, et fdga tempornm. 

It is natural, however, that astronomers, especially those who are 
principally occupied with observations, should wish to apply their own 
test, which is the easiest and most obvious, to the results of others ; 
and therefore I urged my friend, M. de Pont^coulant, to publish 
Tables of the Moon ; but M. de Pont^oulant declines having anything 
to do with the construction of tables, thinking his time can be better 
employed, and so does M. Plana. We have, indeed, been reproached, 
on several occasions, with having failed to produce tables founded upon 
our theory. M. de Pontecoulant says : 

" Yoilii certes un singulier reproche ; et depuis quand a-t-on ezig6 
que les astronomes qui se livrent au travail utile mais fastidieux de 
r^duire en tables les formules de la th^rie, travail aprds tout qui ne 
demande que de Tattention et de la perseverance, fussent eux<>m^mes 
les auteurs de cette th^orie ? Ce serait le moyen de n'avoir jamais 
que des tables en arri^re de la science, ou systematiques comme celles 
de M. Hansen ; car ce serait ^carter Teclectisme dans le choix des 
m^thodes, et faire perdre aux plus grands g^om^tres un temps pr^cieux 
qui pent ^tre beaucoup plus utijement employ^. Lagrange, Laplace, 
Poisson, ont-ils jamais song^^ construire des tables astronomiques, 
et sans leurs savants travaux, cependant, aurions-nous des tables 
du Soleil, de Y^nus, de Jupiter, de Satume, etc., aussi parfaites que 
celles que nous possedons maintenant ? Nos connaissances sont trop 
vastes ai:gourd^hui pour que Ton puisse exiger d'un seul homme les 
meditations de la theorie et les labeurs de la pratique: la division du 
travail, dans le champ de la science comme dans celui de Tindustrie 
est le seul moyen d'arriver, par la reunion de tons les efforts, k des 
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r^oltaU vnument grands, vraimeiit durables, vndment utiles k Thu- 
manit^ tout enti^." (Observations sur le Perfectionnement des Tables 
de la Lune, p. 19) ♦ 

The efforts of M. Plana, of Damoiseau, of M. de Pont^coulant, of 
Mr. Adams, of M. Delaunay, and of myself, have been durected to 
carrying out the principle so distinctly enunciated by Laplace in vol. iii. 
of the M^c. C^L p. 179 :— " II seroit utile pour la perfection des theories 
astronomiques que toutes les tables (de la lune) derivassent du seul 
principe de la pesanteur universelle, en n'empruntant de Tobservation, 
que les donn^es indispensables." If the great influence of the Astro- 
nomer Royal, the medals of the Astronomical Society, and the money 
of the government, are employed to procure empirical tables of 
the moon, and to render useless everything which has been accom- 
plished by us and by all the great mathematicians who have preceded 
us in the right direction, it behoves those who take the same view of 
the subject as we do, to impress upon astronomers, upon the publics 
and upon the government, the mischievous tendency of the proceeding 
of the Astronomer Royal and Prof. Hansen. 

Mr. Longstreth's empirical determinations are eleven in number (see 
p. 25); there are four of the astronomer Royal abeady referred to, 
exclusive of the equation of the centre : of these^ fifteen coefficients, 
eleven are identical with ours. The Astronomer Rpyal publicly stated, 
at a meeting where I was present, his approval of the symbolical 
solution, and his wish to see it carried out ; if such be the case, there 
are many ways in which he might promote it. The ephemeris of places 
of the moon calculated by means of the American Tables, and the 
comparison of such places with the Greenwich Observations, if not 
exclusively, at any rate simultaneously with those derived from the 
empirical tables of Prof. Hansen,* cannot fail to produce bene- 
ficial results. The improvement of the lunar theory will be retarded 
if encouragement or assistance is g^ven to those who pursue one 



* The Am«rican Ephemeris is calculated for the meridian of Greenwich. 
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method, and noDe at all to those who pursue the other ? It must be 
recollected, also, that I am not officially connected with astronomy ; 
it is no part of my duty to improve the practice of navigation. For 
obvious reasons, I am more in want of help than those who are 
astronomers by profession, and who have the resources of public 
observatories at their command. 

The following are our eleven coefficients, three of which are iden- 
tical with those derived from observations by the Astronomer Royal, 
and the rest with Mr. Longstreth's : 



Index. 


Argument. 


KJUT vaiue aeaucea 
from theory. 


V aine aeauce 
empiricaUy. 


a 


1 


2r 


2370-799 


2370-70 


Airy. 


3 


2r-| 


4586-999 


4587-01 


Airy. 


5 


5, 


— 668-932 


— 669-00 


Airy. 


7 


2r+4, 


- 25'036 


- 25-00 


XiODgstreth. 


11 


«+5. 


- 109-886 


— 110-00 


Longstretb. 


12 


2r-|-|, 


206-919 


206-90 


Longstreth. 


24 


2r-2|-?, 


9-161 


9-20 


Longstretb. 


e4 


2r4-2i? 


- 5-728 


- 5-776 


Longstreth. 


65 


1-29 


39-427 


39-391 


Longstreth. 


67 


2r-?-29 


•514 


-530 


Longstreth. 


136 


4r-2| 


31-153 


31-200 


Longstreth. 



Of the three remaining empirical coefficients of Mr. Longstreth, 
M. de Pont6coulant has recently, by pushing the approximation fur- 
ther, obtained in two cases the following values, viz., 
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4r+| 
4r-2|-^, 



1-7 
2-1 



1-9 
30 



Longstreth. 
Longstreth. 



The coefficient of Arg. 27 remains doubtful: it is difficult to admit 
the correctness of Mr. Longstreth's coefficient; for he has adopted 
that which Damoiseau obtained at first, and afterwards corrected ; and 
were it not for this coefficient and for the coefficient of the annual 
equation, the American Tables give the longitude ot the moon very 
nearly the same as tables would do founded upon our coefficients deduced 
from theory alone. The reason why the coefficient of the annual equa- 
tion differs, is, that the Americans took the value determined by the 
Astronomer Royal empirically in 1848, viz. — 670"-3 ; but the Astro- 
nomer Royal's recent determination is — 669"-00, which is identical 
with the value assigned to it by M. de Pontecoulant. 

As our value of the variation is identical with that obtained by the 
Astronomer Royal from the observations, it may be interesting to see 
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how It is made up ; and it affords an instructive example of the man- 
ner in which the coefficients of the literal quantities converge : the 
numher within brackets indicates the order of the terms from which 
the corresponding seconds are derived ; the example is taken from 
M. de Pont^coulant, vol. iv. p. 602: 

1586"-887[2] + 617"-823[3] + l3l"-628[4] + 28"-693[6] -f- 5"-640[6] +"-207[7] 
4-"-02l[8] = 2370"-799. 

This example and many others which could be given, prove the advan- 
tages of the literal system. 

I think the aged astronomer of Turin can hardly be pleased to see his 
opinions ignored by the astronomers of England, with the Astronomer 
Royal and the President of the Astronomical Society at their head, and 
his great work superseded by empirical tables founded on a numerical 
solution of the problem. I have his authority to state, that his opinions 
on this subject remain unchanged ; that he considers, as I do, a nume- 
rical solution worthless in the present state of astronomy ; and that, so 
far from Professor Hansen^s work having advanced the Lunar Theory, 
it is a step in a retrograde direction. I trust M. Plana will not be 
^deterred, by a love of tranquillity, from again expressing his opi- 
nions ; and that he will shout, with the warrior of old, — 

bipivdc fioi Ovjjibv Ivi criiOiaai ^iXonriVt 

tivufv oil Kard KOfffiov iyw d* oit vijig asOXijJVt 

WQ (TV yt fivOeiaif d\\* kv wptoroiffiv dtui 

ififitvait ofpp Hfiy re jrevoiOta, x^P^^ i*' if*y<rt' 

vvv d* ix^fiai KUKdrriTi Kal dKyitri' TroXXd yap tTXijv, 

aXXd Kal Qg^ Kaxd voXXd vaOfav, veiprjffOfjL mO\(i>v, 

In order that 4;he reader may bear in mind the history of the case, 
I will recapitulate the facts ; any impartial person may then appre- 
ciate the confidence to which tables founded upon the coefficients of 
M. de Pont^coulant are entitled. 

M. Plana, one of the first astronomers in £urope, publishes coeffi- 
cients which admit of verification in detail. 

Sir John Lubbock verifies a considerable number of the terms in 
those coefficients, including all the most sensible. 

M. de Pont^coulant, coming after Sir John Lubbock, verifies all 
over again ; and where Sir John Lubbock had not succeeded in finding 
the same figures as M. Plana, went over the calculation again and 
again, until in many cases he succeeded in finding out an error in Sir 
John Lubbock's figures, and established the accuracy of Plana's terms 
disputed by Sir John Lubbock. These corrections were furnished by 
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M. de PontecoolaDt, and were published by Sir John Lubbock as 
errata. 

M. de Pont^coulaut contmued his investigations ; and Sir John 
Lubbock left to him the honour of bringing fhis work to a close, one 
of the most important and arduous in the history of astronomy. 

It will be recollected, that M. de Pont^coulant had the advantage of 
coming after Plana and after me ; and as in those cases where he failed 
in the first instance of arriving at Plana^s figures, he bestowed more than 
ordinary care and attention, I think it may fairly be assumed that his 
figures, when they differ, are entitled to more confidence than Plana^s ; 
the very close agreement between the two, however, shows, I think, in- 
vincibly, that if M. de Pont^coulant's coef&cients may be rather better, 
neither can differ much from the truth. With the exception of the 
annual equation, neither differ two sexagesimal seconds from Burck- 
hardt. 

Mr. Airy received the following explanations from M. Plana (see the 
Redvction of Greenwich Lunar Obaervationa, vol. i. p. Ixxx.) : — 

" The coefi&cient of cos (2r-i- 3^) appears correct.* 

" The coefi&dent of cos (, in the expression for the equatorial parallax, 
should be 3423"-3032 ; and that of cos 2^, in the terms of the sixth 
order, —-054:3. 

" The coef&cient of sin (2r + ij), in the expression for the latitude, 
should be 117"-580, instead of 101"-708. 

" In the coefficient of sin (4r — 17), in the expression for the latitude, 
M. Plana omitted the principal term multiplied by m'y, the coefficient 
should be 3"-402 instead of 1".402. (Plana, voLi. p. 722.) See Part 
III. p. 335." 

I shall now give some details with respect to the coefficient of the 
annual equation; and with respect to those coefficients of M. de 
Pont^coulant which differ from those of M. Plana. When M. de 
Pont^coulant's coefficients agree with that of M. Plana, theur value may 
be considered as established, unless the development requires to be 
carried further. I should have wished to recalculate all the terms 
where a difference occurs between the results of M. Plana and those 
of M. de Pont^oulant, so as to place clearly in relief the sources of 
such discrepancies ; but my career is drawing to a close ; or, in the 
words of the poet, 

" I near my labours' end, 
Strike sail, and hastening to the harbour tend." 

* This coefficient of M. Plana is, notwithstanding, certainly in error. 
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The oonstants employed are as follows: — 

Plana, vol. i. pp. 483 and 585. 
m = -07480130 log. = 8-8739091 



e =-05484721 


»» 


= 8-7391576 


e, cr -01681013 


»» 


= 8-2256710 


y = -09005900 


>f 


= 8-9545271 


-=•00252064 


>» 


= 7-4015111 


Pontecoulant, vol. iv. p. 589. 


m = -07480130 


log. 


= 8-8739091 


e =-0547307375 


tf 


= 8-7382312 


e, = -0167918226 


»» 


= 8-2250980 


y = -089673362 


»> 


= 8-9526635 


-^ = -00252551 


>» 


= 7-4023491 



The following are the coefficients according to M, de Pontecoulant. 

The figures which have an L. over them were calculated by me pre- 
viously to the publication of M. de Pont^coulant's work, who re- 
calculated them ; their exactitude, therefore, is beyond all doubt. 
Those which - have an A. over them have been verified by Mr. 
Adams. 

But in order to institute an accurate comparison between the results 
of M. Plana and M. de Pontecoulant, we must first ascertain whether 
they use the letters e and y in exactly the same acceptation, by com- 
paring the coefficients of cos £ in the reciprocal of the radius vector, of 
sin £ in the longitude, and of sin ij in the Izditude. 

The first comparison gives, neglecting higher terms (see M. de Pon- 
tdcoulant, vol. iv. p. 568, and M. Plana, vol. i. p. 664), 

Pont, 
e / 1 _|_m«_645 3_152129 ,_ ( 1 . 797 , ) , _43 . ',__ 83 , , j^ ) 
n *^^ 128"* ^608^"* |8^'96'"j'' 8 "* "" lis"* ^ ^l92 J 

PL 

\ ^6 128 4608 1 8 96 J 4 ^32 ^ 8 

384 '^ 192 32) 
e of Pont€eoulant= e of Plana | 1 - ^-fe* -f Vy« - ^-If mV - ^ I 
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The second comparison gives, neglecting higher terms (see M. de 
Pont6coiilant, vol. iv. p. 572, and M. Plana, vol. i. p. 574), 
Pont. 

( 2 64 266 1 4 ) 32 ' 96 J 

PI. 

+S-'--l''l 

Pont PI. 
* = * I ^'~\'^^r^^y* "■ ^^* "l^^^^ \ * '*®^* disagreeing with the form». 

26659 
The term in w* has the coefficient — ^^ in M. de Pont^conlant's work, p. 57», 

owing to a misprint. 

The third comparison gives, neglecting higher terms (see M. de 
Pont^coulant, vol. iv. p. 583, and M. Plana, vol. i. p. 704), 

Pont. 

PI. 

Pont. PI. 

As the letters e and y have not the same meaning in the works of 
M'. Plana and M. de Pont^coulant, the literal expressions for the coeffi- 
cients vary even when both are correct in quantities of the fourth and 
higher orders. In consequence of this circumstance, for example, the 
coefficients of the terms multiplied by y^, Arg. 3,4, etc., ore not the 
same in the expressions for the longitude given by Plana and Pont^- 

39 
coulant; thus the coefficient of «y* in the evection is -—w in the ex- 

16 

3 
pression of Plana, and — ^m in that of Pontecoulant, although both 

are correct. 
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Neglecting quantities of the fifth order, which only aflfect the fifth 
place of decimals, 

e of Pont^coulant = ] ] -^ 2L I e of Plana, 

which is not the case. 

As the Astronomer Royal's recent determination of the equation of 
the centre is 22639"-06, there can be no doubt that M. Plana's value 
of the equation of the centre is about 2" -5 too great. 

Similarly, 

y of Pont^coulant= | 1 — IL I y of Plana. 

According to the Astronomer Royal, the inclination of the moon's 
orbit assumed by Damoiseau is to be diminished by 2'''35 : as this is 
the case, M. Plana's coefficient, which is 18465^^*5, must be diminished 
by 2"-45, which reduces it to 18463''-088; and M. de Pont^oulant's 
coefficient must be increased by l"-388. The discrepancies to which 
I have alluded above, weaken materially the means of verification 
which the literal solution affords. They also destroy the identity which 
would otherwise be manifest after the Hteral quantities have been con- 
verted into numbers. Thus, for example, in evection we have in 
Plana, 

8173"-388(2)-h291"-514(4); 

and in Pont^coulant, both being correct, 

3166''-627(2) + 297"-506(4). 

It is only when the discrepancies are much larger than can be 
accounted for by the difference of the values of the constants, as in 
some of the following examples, that they arrest attention, and small 
errors will only be detected by recalculating every term. 

As the value of e is obtained by means of the value of the equation 
of the centre deduced from the observations, and as this already con- 
tains, according to Prof. Hansen, the factor 1-0001544, when this is 
introduced into the coefficient of evection, its value would not be 
augmented; and if the coefficient of evection be also multiplied by 
1*0001544, it would, in fact, contain the square of this quantity impli- 
citly. So that Prof. Hansen must show, not only that the centre of 
gravity of the moon is distant from its centre of figure, but that the 
evection is affected thereby in one way, and the equation of the centre 
in another. 
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THE LONGITUDE. 

There is no error in M« Plana's analytical expression for the longi- 
tude in the terms of the first, second, thurd, or fourth orders. 

Arg. 1. 2r. 

697 
Instead of — ^^»^«,* (Plana, vol. i. p. 548), the cofefflcient should 

691 
contain the term — __m^e,* (liubbock, p. 192) ; the difference is insen- 
sible. 

Arg. 3. 2r— t 

M. Plana has 1*566(7), which should be 1-838(7) ; this error being 
removed, the coefficient becomes 4585"- 9. 

According to M. de Pont^coulant, the coefficient of m^y^e is 

1367059 



+- 



18432 



According to M. Plana, the coefficient of m*y^e is • 



3469829 



18432 

This difference in the formula makes a difference of ''*752 in the 
numerical coefficient. 



+{ 



Arg. 5. 4,. Pobt^coulant, vol. iv. p. 573. 

\ 16 4 96 676 

964471235^A 
55296 / 

A, ▲. 

o /27 , 2925 o, 454735 o, 39522017 ., 638835067 .\ 
~^(8'"^-32-"*"^-512-'"+-6T44-'^"*" 16384 "^ ) 

^ '^ V 8 32 512 / 8 ' 



[5] 



M. de Pont6coulant calculated with particular care, and by two dif- 
ferent methods (Theorie Anal. vol. iv. pp. 177,188), the first five terms, 
and found values identical with those of Plana. 

M. Plana has, vol. i. p. 575, 



964470235 ^^7^ , 6456951283^^,^ 
55296 ' 294912 



A. 

19097 ., 
512 



wre^y' 
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The difPerence is (Pont.— Pl.)» disregarding the second term^ 

65296"**' ^"612'"*'^ 

I suspect an error of sign in the term multiplied by m^e, ; but I have 
not been able to trace it. 

The value of this coefficient, according to 

Damoiseau,' is 673*70 

Plana 668*64 

Pont^coulant 668*93 

Burckhardt 673* 3 

Airy 669* 

The difference between Damoiseau, Plana, and Pontecoulant, arises 
from some error in Damoiseau, which M. de Pont^coulant has taken 
great pains to discover, without success. As our value agrees with 
that determined empirically with so much care by the Astronomer 
Royal, there can be no doubt of its accuracy. 

Arg. 7. 2r+ £,. Pont^coulant, vol. iv. p. 577. 

L. L. L. A. 

i _llfft«_25V_733V. t2^223 ^5. 178759285 ^8 . 1683933911 9^7 
1 16 48 576 8456 831776 4976640 

Vl6 62 1024 4096 } 

\128 384 / ^V16 64 ^3072 /' ^ 

j.4785^ . , 75^ « ,, , 129^ o , 3 ^^^ , 375^ o»> 
256 128 ^64 ' 128 ' 128 a^J ' 

129 
When M. Plana's value of e is introduced, instead of -—-me^y^, we get 

64 

M. Plana has, vol. i. p. 578 (the other terms given by Plana are 
identical with the above), allowing for- his altered value of e, 



S 33403086163 ,, 63385 ••, 14201441 4 .,105„., 69^ .o>, 
i 9953280 ^ 1024 4096 32 16 'J 

uhe other terms agreeing with de Pontdcoulant. The diflFerence bel 

Pont^coulant and Plana is 

.(275592075 7 4224 3. 9410016 .0, 3945^ . , 3^- 2 > , 

< m^— lire* — nve''-i me* -t - me-'y^ > e 

l 9953280 1024 4096 256 64 ' S 
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which conyerted into Beconds is 

+ -018(6) — -750(7) + -051(8) — = — -731. 
M. de Pont^oulant has, vol. iv. p. 602, 

-13-323(3)-ll-008(4)-2-213(5)+-647(6)-f707(7)+*154(8)=-25-036. 
M. Plana should have, vol. i. p. 620, 

-13-341(3)-11035(4)-*2-214(5)+-595(6)+l*460(7)--076(8)=-24-611. 

The difference is 

•018(3)+*027(4)--001(5)+-052(6)--753(7)+-078(8)=--425. 

Apg. 11. f + {,. Pont^oulant, vol. iv. p. 573. 

L. L. A. A. 

J 21 717 - 3215 3 2806183 4 19962409 , 18084760319 * 
C 4 32 32 6144 9216 1769472 

When M. Plana's value of e is introduced, instead of — f»y*, we get 

8 

—-my*, agreeing with Plana. 
16 

M. Plana has, vol. i. p. 576, 



4173895 - 18012013679 -> 

" ' ■ — W— W « ( 

6144 1769472 ) 



The difference is, 

j 13677 12^4 72746642 « ) , 
i -6144-'" -1769472 "'r' 

which converted into seconds is 

r325(6) — -001(8) = 1*324. 

M. de Pont^coulant has, vol. iv. p. 602, 

-74-445(3)-23-765(4)-9-875(5)-l-30l(6)--50ind.= -109-886. 

In the above, M. de Pont^coulant united by inadvertence the terms 
of the orders (5) and (6), (7) and (8), and •50ind. appears too large; 
it should be as follows: 

~74-445(3)-23-765(4)~7-164(5)-2-711(6)---962(7)-'339(8)--170ind. 
= -109-656. 



* M. Plana has 1-214; the error is in the numerical conversion. This correction 
is due to M. de Pontecoulant. 
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M. Plana has, vol. i. p. 619, 

-74-702(3)-23-847(4)-7-030(5)-4046(6)--965(7)--889(8)-.17ind. 
=-111-099. 

The difference is 

•267(3)-f082(4)-*139(6)-fl-336(6)+-003(7)=l*639. 

The difference arises chiefly from the coefficient of m'^ee,^ in which M. 
Plana and M. de Pont^coulant disagree. As Mr. Adams has verified 
this coefficient of M. de Pont^coulant, it must he corriect ; instead of 
— 4"-046(6) in M. Plana's coefficient, we should have — 2".720 ; and 
thus we get — 109"'773, a result agreeing with that of M. de l*ont6- 
coulant. 



Arg. 12. 2r — {— {,. Pont^coulant, vol. iv. p. 577. 

L. L. L. 

5 35^ _i_ 1801 ., 32429 ,, 1507947^4 ,1202189 . 26036432933 . 
J 4 32 128 2048 ^ 8192 1769472 

32 32 2 M 

When M. Plana's value of e is introduced, instead of — ^^wy** we get 

91 
— my*, agreeing with M. Plana. 
16 

M. Plana has, vol. i. p. 580, 

\ 1830091^ .^ 1211197 ^, 9159943057 „^, ) ^^, 
( 2048 8192 589824 S 

The difference is 

5 315^. 322144 . 9008 . 1443396238 . >/ 
t 32 2048 8192 1769472 S 

which converted into seconds is 

~ -422(6) — -937(6) — -007(7) — 027(8) = — -452. 



1830091 
M. Plana has m^ge^, p.556; hut the addition is not exact: 

io04o 

this correction is due to M. de Pont^coulant. 
M. de Pont^coulant has, vol. iv. p. 602, 

124O7l(3)-h59-695(4)+19-2O8(6)-|-4-369(6)+065(7)--489(8)=2O6-919. 
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The value employed by Damoiseau in his tables is 206"*7. 
^ M. Plana has, vol. i. p* 621, 

124-501(3)+69-900(4)4-19-436(5)4-5-321(6)+-066(7)+'518(8>=209-742. 
The difference is 

-•430(3)--205(4)--228(5)--952(6)-'001(7)- 029(8)=: -2-823. 

So that the discrepancy, 2"-823, between the value of the coefficient 
given by M. Plana and that given by M. de Pont^coulant arises from 
the following sources: 

M. Plana finds the coefficient of me'e, to be zero, which causes the* 

315 
omission of the term — -~ m^e, (see Lubbock, p, 214), which con- 

verted into seconds is "'422. 
M. Plana has 

( 1672603 _ 10067 _471 ,89 , 99_59_ 1830091 ) 4 
< 2048 2048 64 64 8 8 2048 i ^' 

but the addition is erroneous ; it should be , agreeing with M. 

de Pont^coulant. The difference converted into seconds is ''*937. 

The value of M. Plana's coefficient, after these corrections, becomes 
208"*383, and the discrepancy is reduced to 1"'464. This is in great 
measure produced by the difference of sign of the quantity of the 8th 
order, which is unusually large. The value employed by Damoiseau in 
his tables is 206''-7. This is one of Mr. Longstreth's empirical coeffi- 
cients, who finds exactly the same value as M. de Pont^coulant. It 
will be remarked, that in the coefficient of M. de Pont^coulant, the 
coefficients of wi, m*, m', wi*. and w*, are all positive, while that of rrfi 
is negative ; and if this be established, it shows that it is unsafe to trust 
to induction. I may here remark, that the quantities added by induc- 
tion by M. de Pont^coulant require a careful revision ; in some instances 
they appear to be too large, and in others too small. The discrepancy 
between M. Plana's coefficient and that of M. de Pont^oulant is some- 
times due to this cause alone. For example, in the parallactic inequa- 
lity, of which the numerical value is highly^nteresting, the analytical 
expressions of M. Plana and M. de Pont^coulant are very neai'ly the 
same ; and so would be the numerical value of the coefficient, if they 
added by induction the same quantity. 
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Arg. 14. {--(,. Pont6coi]lant« vol. iv. p. 673. 

L. L. L. A. 
i ^^m + ^233^, . 15165 ^3 . 2844993^ ^ ^4 , 807187071 ^ . 91720676239 . 
I 4 32 "^64 2048 "^ 36864 1769472 



+s--^^-'--?-''k 



When M. Hana'a value of e is introduced, instead of — ^-my^, we get 

o 

147 
— -—-my*, agreeing with M. Plana. 
Jo 

M. Plana has, vol. i. p. 576, 

r 307373383^, . 91915773791 ^8 ) ^^, 
1 36864 "^ 1769472 i 

The difference is 

I 186312 ^^_ 195097552 ^g I ^^, 
\ 36864 1769472 5 

which converted into seconds is 

— -002(7) — -037(8) = — -039. 
M. de Pont^coulant has, vol. iv. p. 602, 

74-445{3)+40-868(4)+26-238(5)+5-420(6)+-72 ind.= 147-691. 

In the above, M. de Pont^coolant united by inadvertence the terms 
of the orders (5) and (6), (7) and (8) ; it should stand as follows: 

74-445(3)+40-868(4)-f 17 994(5)+8-244(6)4-3-699(7)+l-721(8)+-72 ind. 
=147-691. 

M. Plana has, vol. i. p. 619, 

74-702(3)+41-009(4)-M7-897(5)+8-286(6)+3-714(7)+l-7.31(8)+-72ind. 
=148-059. 

The difference is 

-^•257(3)--141(4)--096(5)--042(6)--015(7)--010(8) = --661. 

Arg. 22. 2r + 3J. Pont^coulant, vol. iv. p. 578. 



) iS"*'"^^^"*' 1 '' (^""^^^^ P- 15*-> 



M. Plana has. vol. i. p. 680, 



1093^,^3 
64 
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The difference ie 

I 192 ^576 ) 

which converted into seconds is 

— 2-479(6) — -182(6) = — 2*297. 
M. de Pont^coulant has, vol. iv. p. 603, 

•768(6)+-134(6)=-902. 

M. Plana has, vol. i. p. 622, 

3-252(5) +-067 (6)=3-309. 
The difference is 

—2-484(6)+'077(6)=:— 2-407. 

Damoiseau found, at first, 1'''27 for this coefficient; but in his tables 
he used the corrected coefficient l"'0,Vhich confirms the result of 
M. de Pont^coulant. The coefficient of M. Plana is certainly in error. 
Longstreth has '^'8. 

Arg. 24. 2r— 2{— {,. Pont^coulant, vol. iv. p. 578. 

i 105__L.577«, 359545^8 1 ., 
Me ^16 1024 ) 

M. Plana has not got the term 

359545^,,V 
1024 

which converted into seconds is 

l"-525. 

M. de Pont^coulant has, vol. iv. p. 603, 

5O93(4)4-2-093(6)+l-525(6)+-45ind.=9-161. 

M. Plana has, vol. i. p. 623, 

5-121(4)4-2-106(5)+ •636(6)=7-762. 

The difference is 

-•028(4)--012(6)+-989(6)-f-45ind.=l-399. 
Damoiseau found, at first, 8"-99 for this coefficient ; but he after- 
wards used in his tables the coefficient 9''*!, which agrees with that of 
M. de Pont^oulant. 

Arg. 27. 2r— 2 J + £,. Pont^coulant, vol. iv. p. 578. 

M. de Pont^coulant's coefficient differs more than any other from 
that employed in the American Tables ; and he has therefore recently 
pushed the approximation further, and found 



46 



\ -1^^ + 193^,^460721^, 46022593^, ) ^ 
I 16 32 3072 19432 J ' 

which converted into seconds is 

-2-183(4)4- •350(5)4.*661(6)+-811(7) = --370. 
M. Plana, vol. i. p. 623, has only got the first two terras, which are 
evidently insu£Gicient. 

This coefficient, according to Mr. Longstreth, is + 2*2 ; the differ- 
ence being 2*6. This is to me unaccountable ; for the terms omitted 
by M. de Pont^conlant are of the 8th order. Mr. Longstreth has 
taken a value little different from the first value of Damoiseau, which 
he afterwards reduced to '7 in his tables. In this case the coefficients 
do not converge: this happen^ very rarely; if it were otherwise. Prof. 
Hansen's objection to the literal development would not be without 
foundation* 



Arg. 39. 2r — 4f . Pont^coulant, vol. iv. p. 578. 
35 





i""^ 


M. Plana has, vol. i. p. 582, 






?•- 


The difference is 






-''" 


which converted into seconds 


is 




—•"261. 


M. de Pont^coulant has, vol. 


iv. p. 603, 




•606(5). 


M. Plana has, vol. i. p. 624, 




The difference is 


•873(5). 




—•267(5). 



Arg, 64. 2r+2ij. Pont^coulant, vol. iv. p. 578. 

L. 

S 11 3 69 , 195^ », 3^ . ) a 
« 32 48 64 ^ 64 M '^ 

M. Plana has, vol. i. p. 579, 

64 ' 
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and he has not 


got 


the term 


48 ^ 


The difference 


is 










■ -^-'•-S-r. 



which converted into seconds is 

— ."941 — ."861 = —1-802. 
M. de Pont^coulant has, vol. iv. p. 603, 

—3-190(4)— 1-938(5)— •6ind.=— 5-728. 
M. Plana has, vol. i. p. 621, 

— 3-218(4)— -158(6) =—3-376. 

The difference is 

•128(4.-l-780(5)--6ind.= -2-352. 

* M. de Pont^coulant's coefficient is confirmed by Burckhardt and 
Damoiseau. 

Arg. 65. £— 2i;. Pont^coulant, vol. iv. p. 574. 

53Ll35,„_j69_^._2867^3J,y. 
(4 32 256 2048 ) '^ 

M. Plana has, vol. i. p. 575, 

}^12L7«»^-2J387^3+3 ._405^ ._«^, 20^^^^ J . 
i 266 2048 8' 128 ' 32 ^128 S ^ 

M. de Pontecoulant has, vol. iv. p. 602, 

68-084(3)-28-647(4)--137(6)--053(6)+-18ind. = 39"-427. 

Damoiseau used 39''*4 in his tables. 

M. Plana has, vol. i. p. 615, 

68-817(3)-28-968(4)-2-408(6)-'250(6) = 37"-191. 

The difference is accounted for hj the difference in the analytical 
expression. 

Arg. 67. 2i— 5— 2i,. 
M. de Pontecoulant, p. 603, has v 

2-547(4)-l-937(5)--096(6) = '614. 

M. Plana, p. 623, has 

2-674(4)-l«968(5)-.-586(6)» -030. 
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But there is no term of the sixth order in M. Plana's analytical expres- 
sion, p. 581. Damoiseau, in his paper, makes the coefficient '27; hut 
in his tahles he makes it *8. Mr. Longstreth adopts the value above 
of M. de Pont^coulant 

Arg.ea 2r— f+2iy. 
M. de Pont^coulant, p. 603, has 

-6*366(4)-2-413(5)-'442(6) = -9-221. 

M. Plana, p. 623, has 

-6-435(4)-2-439(5)--510(6) = -9-384. 

But there is no term of the sixth order in M. Plana's analytical expres- 
sion, p. 581. 

5 15 

M. de Pont^coulant has -to, p. 578; M. Plana has, p. 581 — ^^w, 

16 16 

which I have verified ; and in the numerical reduction, M. de Pont^- 

15 5 . 

coulant has evidently used — f^^J so probably — -— is a misprint. 



Arg.72. {,+2,, 

f.Planahasl|fTO«6,y2 
1^8 

201 



1 ^Q 
M. Plana has -—TO* 6, y*; instead of which, this term should be 
128 



TO*e,y« (Lubbock, p. 268), which converted is -247(5), instead of 
128 

•152(5) (Plana, vol. i. p. 620) ; and it gives for the poefficient "-755. 

Arg. 133. 4r + {. Pontecoulant, vol. iv. p. 580. 

M. Plana has not carried the approximation to a sufficient extent. 
M. de Pontecoulaot has recently, at my request, carried the approxi- 
mation to a greater extent, and has found 

|3l9^, 15403^, 15227467^, 11685^3,, K 
(i28 ^ 960 230400 612 ) 

which reduced to seconds is 

''•85318(5)+"-4242(6)-|-''-1306(7)+-3230(6) = r-731, 

which is close to l"-9, the value adopted by Mr. Longstreth; and 
although Damoiseau's first value is —"'43, he afterwards made it 
-f 1"*9, agreeing with the above. 

Mr. Adams has informed me, that he also has obtained the value 
l''-9 for this coefficient. 
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Arg. 101. r. 
M. de Pont^coulant has, vol. iv. p. 603, 
-73-06l(3)-33-883(4)-irO12(5)- 4-370(6)- 1-839(7)— •82C(8) 

- -7 ind.fl—l )=-122"-378. 

M. Plana has, vol. i. p. 624, 
-72-920(3)-33-818(4)-lO-939(5)-4-393(6)— 1-847(7)--829(8) 

— -Sind. ( 1 — — W-122"110. 

The analytical expressions are almost identical. 

M. Plana's value of ~ is -00252064 ; that of M. de Pont^coulant is 
a, 
-00252551, corresponding to the solar parallax, 863221 (vol. iv. p. 
606 ; this difference makes a difference of about '2 in the value of the 

coefQcient. M. de Pontecoulant takes — for the ratio of the mass of 

75 

the moon to the sum of masses of the earth and of the moon (vol. iv. 

p. 589). M. Plana takes i- for this quantity. The former adds +3''-211 

88 

to the coefficient ; the latter, 2" '77 2. The observations of the tides 

-which I employed gave me a greater value, probably about -—— 

67*3 

M. de Pontecoulant adds — "7 ind., which appears too much ; if, with 

M. Plana, we make it — *5, then the coefficient of M. de Pontecoulant 

is 122"-178, agreeing with M. Plana. 

If we take 124*7 for the value of the coefficient, which is the 

Astronomer Royal's last empirical determination, 

with ~ this gives for the Solar Parallax 8"-8103 ; 
75 

withjlj ,. „ 8"-8406; 

values which appear too large to be admissible. 

Arg. 136. 4r—2^. Pontecoulant. vol. iv. p. 584. 

jll25 ^ a. 18495^ 3 . 1755883 4 . 66847963 s ) , 
( 256 ''" 512 "^ 8192 "^ 61440 J 

M. Plana has, vol. i. p. 584, 

(29055 3, 1080043 4,73818043 ,, 466018749241 .) *, 
I 512 ^ 8192 ^ 61440 236929600 i 
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The difference is 

( _ 10560 ^,. 675840 ^^4 _6970080 ^a _466018749241 ^a 1 o 
\ 512 8192 61440 235929600 j 

which converted into seconds is 

--5-856{5)H-l-602(6)— -165(7) — -215(8) = — 4-134. 

M. de Pont^couhint has, vol. iv. p. 604, 

15-192(4)-f9-341(5)-f4146(6)+l-574(7)+-9ind.=31-153. 
M. Plana has, vol. i. p. 626, 

15-254(4)+14-737(5)-f2-567(6)+l-746(7)+'214(8)=84-518. 
The difference is 

-•062(4)-5-396(5)4-l-579(6)--172(7)-f686=-3-365. 
M. Plana's analytical expression appears to be incorrect. 

The coefficient 31''*153 of M. de Pont^coulant is rather smaller than 
Damoiseau's first value, 31''* 19. Mr. Longstreth increases this value 
a little, making it 31''*2. He probably was not aware that Damoiseau, 
in his tables, makes it 31'''0. It seems probable that Mr. Longstreth 
did not consult Damoiseau's tables, or was not acquainted with them. 



?, 



4r — 2{ — £,. Pontdcoulant, vol. iv. p. 581. 
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The coefficient employed by Mr. Longstreth is 3'''0; according to 
M. Plana and M. de Pont^coulant, it is 1'''2. 

M< de Pont^coulant, at my request, has recently carried the approxi- 
mation to a greater extent, and has found 

2625 «-^. 224115 ..^ 
128 ' 1024 

which reduced to seconds is 

r-191(5)+''-9599 = 2"-151. 

Mr. Longstreth has adopted 3'', which is the value of Damoiseau. 

I trust that M. Plana will be induced to revise his analytical expres- 
sions where they differ from those of M. de Pont^coulant, and give us 
the benefit of his authority, to settle the values of the coefficients in 
question. Wherever M. de Pont^coulant or myself differ from M. 
Plana, we have gone over our work so many times, that we think the 
error must be on his side. 

In p. 24 I have made a remark to the effect, that the Americans 
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ought to have retained the second place of decimals in the coefficients ; 
but, upon reconsiderMion, I think it was sufficient to retain only the 
first. 



THE LATITUDE. 

There is no error in M. Plana's expression for the latitude in terms 
of the first, second, or third order ; and there are only two errors in 
terms of the fourth order. 

Arg. 147. 2r — ly. Pont^coulant, vol. iv. p. 611. 

In the coefficient of sin (2rT-i?), M. Plana has "-689(5), vol. i. p. 719, 
which should be 2"*753(5): this error in the reduction being removed, 
gives for the coefficient, according to M. Plana, 623"-540 ; the differ- 
ence in the values, which, before I introduced this correction, was 
2"-093, being thereby reduced to "-029. 

Arg. 148. 2r-t-i7. 

M. Plana has 20-347(4), which should be 36*219(4) ; this error in 
the reduction heing removed, gives for the coefficient 117"'580, agree- 
ing with M. de Pont^coulant. This is the most considerable error 
which occurs in M. Plana's work, and was pointed out by me, Part III. 
p. 336. 

Arg. 152. 2r — £ + ly. Pont^coulant, vol. iv. p. 6 11 . 

In the coefficient of sin (*2t — f+i?), M. Plana has — '465(6), vol, i. 
p. 719, which should be 2"'637 : this error in the reduction being 
removed, gives for the coefficient, according to M. Plana, 199"'326 ; 
the difference in the values, which, before I introduced this correction, 
was 2"-586, being thereby reduced to "-516. 

Arg. 159. 2r + {,— ly. 

The discrepancy arises from differences in the analytical develop- 
ment. 

Arg. 163. 2r— 2{— i;. 

M. Plana has 4-879(5), which should be 3-879(5); this error in the 
reduction heing removed, gives for the coefficient 15"-217. M. de 
Pont^coulant has 15"'021 : the difference is owing to *33 ind. added by 
M. Plana. This correction is due to M. de Pont^coulant. 
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Arg.166, 2r+2f— ,,. 

see ^n^ 

Instead of __mVy, the coefficient should contain the term ^^-?T^^^^y 

(Lubbock, p. 319); which converted is -370(5), instead of -681(5) 
(Plana, vol. i. p. 120) ; and gives for the coefficient 2*066, agreeing 
with M. de Pont6coulant. 

Arg.166. 2r + 2f+f,. 

M. de Pont^coulant has re-examined his coefficient ; and errors in 
the reduction being removed, he finds it should be 1-426. M. Plana 
has — "171(6), which should be +*178: this error in the reduction 
being removed, the coefficient becomes 1"'216 ; the difference, which, 
before these corrections, was -418, being thereby reduced to '210. 

Arg.169. 2r— {— 5,--iy. 

M. de Pont^coulant has re-examined his coefficient, and finds that it 
should be 7"- 8 10. There is an error in the reduction, vol. iv. p. 612. 
M. Plana adds, by induction, "'2 more than M. de Pont^coulant : this 
increases the discrepancy. 

Arg.170. 2r— J— £,4-1,. 

The discrepancy, which is "'351, is in great measure caused, by the 
addition of "-Sind. by M. Plana. 

Arg.171. 2r + {+f— 1,. 
M. Plana has \ -w — -j-^* [ ^^,y\ which should be 

L. 

I —5m— ^m* Xee^y (Lubbock, p. 247) : 

this being converted gives 

_.480(4)— -264(5) = —"-744 
instead of + -905 ; agreeing with M. de Pont^coulant. 

Arg.175. 2r~5+£,— I,. 

15 
Instead of — -_m«e6,y, the coefficient should contain the term 
64 

— -fn^eBfy (Lubbock, p. 310) ; which converted is — -072(5), instead 

of — -023(5) (Plana, vol. i. p. 720); and gives for the coefficient 
—1-994. 
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Arg, 181. 2r— 2?— »/. 
M. Plana has -313(4), which should be 940; this error being re- 
moved, gives for the coefficient -940, agreeing with M. de Pont^cou- 
lant, to whom this correction is dae. 

Arg.183. 2r + 2$— ,7. 
M. Plana has — '055(4), which should be — -110; this error being 
removed, gives for the coefficient —"•117, agreeing with M. de Pont^- 
coulant, to whom this correction is due. 

Arg. 185. T — 1;. 

M. de Pont^coulant has —•021(6), which should be —-406: this 
en or in the reduction being removed, gives for the coefficient — 4'' -5 14 ; 
and the difference, which was '489, is reduced to "•104. 

Arg. 186. r + 17. 

M. Plana has — 1*245(5), which should be — 1-359; this gives for 
the coefficient — 5-130: this correction is due to M. de Pont^coulant. 

Arg. 191. r—ir—V' 

Instead of —me,y--, the coefficient should contain the term ~-me,y~ 
32 a, 16 a, 

(Lubbock, p. 310) ; which converted is insensible. 

Args. 193 and 194. r + i, — 1;, and r + ?, + »?. 

In the analytical expression for the coefficients and in the reduction 
M. Plana has the same error, — -033(5), should in each be —-331: 
this gives for the value "-653, agreeing with M. de Pontecoulant, to 
whom this correction is due. 

Arg. 197. 
Instead of —wc^y, the coefficient should contain the term — me^y 

(Lubbock, p. 311); which converted is "-960, instead of l"-075, agree- 
ing with M. de Pontecoulant. 

Arg. 241. 4r— 1?. 

M. Plana has omitted the term multiplied by m^y (Lubbock, p. 248); 
this error being removed, the coefficient is 3"-553, instead of l"-402, 
agreeing with M. de Pontecoulant. 
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Arg.244, 4r— { + 1?. 

The difPerence, which is "•941, is almost entirelj caused by the addi- 
tion of '''95 ind. by M. de Font^coulant. 



THE PARALLAX. 

There is no error in M. Plana's expression for the reciprocal of the 
radios vector of the first, second, or third orders, and only one of the 
fourth order. 

Arg. 0. 

There is no term — -^"»*«* (Lubbock, p. 1 57). 

Arg. 3. 2t—1 

M. Plana has -0404(6) ; this sihoold be *3082: this error being 
removed, gives for the coefficient 34''*189 ; and the difference, which 
was ''-254, is reduced to ''"014. 

Arg. 6. 2r--{,. 

M. Plana has '4528(5), which should be *16S6: this error being 
removed, gives for the coefficient r'*880 ; and the difference, which 
was "-289, is reduced to "-004. 

Arg. 7. 2r+{,. 

M. Plana has —•3462(5)— -0376(6), which should be —-1396(4) 
— -0276(5) : these errors l>eing removed, give for the coefficient 
— "-328 ; and the difference, which was "-217, is reduced to zero. 

Arg. 65! J— 2j;. 

M. Plana has -9509(4) ; the sign of this quantity should be — : this 
error being removed, gives for the coefficient — ^"'709 ; and the differ- 
ence, which was 1894, is reduced to -009. The sign of Plana's coeffi- 
cient is wrong in the table given by M. de Pont^coulant, vol. iv. p. 635. 

Arg. 73. 2r— {,— 2)7. 
7 
Instead of — ^frfie,y^ (Plana, vol. i. p. 670), the coefficient should 
8 

21 
contain the terra — -Q-w»^«/y^ (Lubbock, p. 264). 
8 
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Rbcapitulation of Corrections. 
THE LONGITUDE. 



Arg. 



"3. 


4585'648 PI. 


should be 


4585-920. 


4586'-999 Pont. 


7. 


— 23-611 H, 




— 24-611, 


25-036 „ 


11. 


—111099 PI. 




—109 773, 


—109-886 „ 


24. 


7-762 PL 




9-297, 


9161 .. 


72. 


•585 PL 




-755, 


-636 „ 


33. 


•855 PL 




1-280, 


1-277 .. 



The other terms in the longitude which exhibit a considerable dif- 
ference, and which remain to be cleared up, are Args. 12, 22, 64, 65, 
and 136. 

Since p. 42 was printed, M. de Pont^coulant informs me that 
M. Plana has 8"-841(6), Arg. 15, which should be 9"-473, also 
M. Plana adds 2''* 5 by induction which seems too much. 

THE LATITUDE. 



Arg. 147. 


621-476 PL should be 


623-540, 


623-569 Pont. 


148. 


101-708 PI. 


117-580, 


117-512 „ 


152. 


196-224 PI. 


199-326, 


198-810 „ 


163. 


16-217 PL 


15-217, 


15-021 „ 


165. 


2-377 PL 


2-066, 


2159 „ 


166. 


1-285 Pont. 


1-426, 






-867 PL 


1-216, 




169. 


8-311 Pont. 


7-810, 


8-241 PL 


17L 


•905 PL 


— -744, 


— -739 Pont. 


175. 


—1-945 PL 


—1994, 


-1-978 „ 


181. 


•627 PI. 


-940, 


•933 „ 


183. 


— -062 PL 


-•117, 


-•117 „ 


185. 


—4-129 Pont. 


-4-514, 


-4-618 PL 


186. 


—5-016 PL 


—5130, 


—5-064 Pont. 


193. 


•951 PL 


-653, 


•648 „ 


194. 


-951 PL 


•653, 


•648 „ 


197. 


1-075 PL 


•960, 


•950 „ 


241. 


1-402 PL 


3-553, 


3-553 „ 
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THE PARALLAX. 



3. 


33-921 PI. 


should be 


34-189, 


34-175 Pont. 


6. 


2-165 PL 


»> 


1-880. 


1-876 „ 


7. 


— -545 PL 


>> 


— -328, 


-•328 „ 


65. 


1194 PL 


»> 


— -709. 


- -700 „ 



Arg. 



By these correctioDS, we have succeeded in removing all the larger 
discrepancies which existed between the coefficients of M. Plana and 
M. de Pontecoulant, in the expressions for the Latitude and for the 
Parallax ;> the discrepancies which remain in the expression for the 
Longitude, appear to be due to errors in the analytical development 
of M. Plana. 

According to the preamble to the American Tables, the values of the 
daily motions of the moon's mean longitude, the longitude of the 
moon's perigee, and the longitude of the .moon's node derived from the 
values obtained by Airy in his Memob upon the Correctimts of the 
Elements of the Moon's Orbits published in the Memoirs of the Royal 
Astronomical Society, vol. xvii., are 

47435-02808897 
401-05783886 
— 190-63366070 
These values give 

(1— c)n<= (-008454885 )w« 
(^_l)n«=(.004018854)w<. 
M. de Pontecoulant found from theory, 
(1— c)n«=(-008450821)w<, which gives for the daily motion 400*8648 
(^— l)n<=(-004021678)n< „ ., —190-6336 

The agreement between the theory of M. de Pontecoulant and obser- 
vation appears to mp to be very remarkable. 

I have already alluded to the empirical factors introduced by Prof. 
Hansen (p. 22), which are sufficient to deprive Prof. Hansen's tables of 
the character of being derived from the Newtonian law of gravitation, 
or of being other than of the class which are called empirical; but 
these are not the only empiricisms with which Prof. Hansen's tables 
are affected. Professor Hansen tells us, that the mean motions of the 
perigee and node employed in his tables are empirical; that is, they 
" have been deduced from the observations"; and " there will, there- 
fore, be found in the tables, with reference to these two quantities, an 
empiricism, similarly as in the case of the two inequalities of long 
period." See Prof. Hansen's Letter to the Astronomer Royal, in the 
Monthly Notices for November, 1854. 
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On the Secular Variation op thb Moon's Motion. 

I shall now endeavour to obtain the relation which exists between 

, the constants a and a, h and a, n and n ; extending the equations 

employed in pp.65 and 134 to the terms multiplied by c,*, including 

3771 
the calculation of the much controverted term m*e,^j discovered by 

Mr. Adams, to which allusion has already been made. 

The relation between the constants h and a is again to be obtained 
from the equations 

^:^=h-r^^it and 
dt J dX 

rW+dr»_2M^M+2AB=o 
dr raj 

^-^+<f+2/'diJ+r«f=0 
2dt^ raj dr . 

It is sufficient for the present purpose to take 

?=i-*-/'dij+'-4? 

d/? = '-^di!:+^d.«X 
dr r dX 

It follows, from the development of R given in p. 30, 

?:^=-^'-?m»c «-2to« cos 2r -f- -/"'^' cos 2r - ?m««^ cos I 
dr 2 4 ' 2 4 ' 2 ' 

-^m'»c^ cos (2r-^,) + 'Ve^ cos (2r+?,) 
4 4 

d. ?-?!=2^Vd«.+5w2 cos 2r ^ de,+?w« cos f dc, 
r 2 2 

-Zm* cos (iV-f,) d«^ + ^' cos (2r+y de, 

^''=?m«sin2r- i^mVsi»2r + ?im«e, sin (2r-0 --"»'« 8in(2r4-0 
d\ 2 4 - 4 4 

d. a=:-?^m^sin2rc,dg^+ ^iii»sin(2r-Odc,--»i«8in(2r+0^« 
8 16 16 

/» ( 4 4 8 16 16 32 128 128 1 ' ' 64 ' 

y ^ 64 
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In order to find the coefficient of m^e^ in IR^ it is sufficient to take 

^-''=^+?mV — »»» COB 2r+5mVco8 2r 
r 2 4 ' 2 ' 

•\^m\ cos « ~^*«, cos (2r-y +^V cos (2r+0 

a\=lliii« sin 2r — -m V sin 2r + — »i*« sin (2r- O — ilm»e, sin (2r+C,) 
8 16/ 16 ' 16 

( 8 5 « 8 8 16 16 64 b4 128 128) 



M 


I 8 


8 8 


= 


^., 





ardZ?_ 
/idr 


_2ai?_ 
" M "" 


32 ' 



m=-' n»=ii«(l— 2m'— 3i»iV) n/=n'»Al— 2j»«— 3mV) See p. 66 & p. 133. 

aR contains the term — m-(l— 2m*— 3mV)( 7+|*^»' ^ 
and hence 

or, including the term multiplied by m^, 

2 4 • 64 

-^=2an [m^—\m*e^ I sin2r+7m«an«,sin (2r-0-m«ane,sin2r+$,) 
Cit ( 2 J 

^^ y= I -lO+l?+i I m*a*n\^= 15mVnV> in which IL may be put for n«. 

—— would contain no terms of the kind we are seeking, but for the 
d\ 

new terms in 5r and 5X discovered by Mr. Adams, multiplied by 

—', and given by him in the Phtl. Trans, for 1853, p. 406, which I wiU 
at 

now endeavour to obtain. 

Integratmg by parts, and supposing e, variable, but -—' constant. 



and neglecting ( -— ) 



dt 
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=-i^cos(2r-f,)+^^ sin (2r-S.) 

y«. C08 (2r— ?,) dt =|t sin (2r— «,) — ^ /sin (2r— «,) At 
=l.sin(2^0+,^«»(2-?,) 

ye,« sin 2r cl< = — ^ cos 2r +^4^' /cos 2r M 
2n n^tj 



=— ^ cos 2r + ^' sin 2r 



ye,« cos 2r d<=^ sin 2r— -'^' /sin 2r d< 
2i» ndty 



=?t- sin 2r + ^' cos 2r 
2n ^2nd< 



From the development of R in p. 30, 
ld2?= 2 j 1 — 5*'? m*sin2rd/+ — «,8in(2r— 0<i<— i«.«n(2r + %,)At 

Integrating hy parts, and retaining only the terms multiplied by \ 



--- contains the term — 3m% cos (, 
d< 

Integrating by parts, 
X contains the terms, 

~3m«,8in ?*— 3-^' C08 5, 

It is sufficient to take 

dX d< * dr 

^=:?m»8in2r + ?i»i««,8in(2r-0— V«,8in(2r H- O 
UA. 2 4 4 

'«= i-M S .%3in2.-|^.sin(2^,)-l^'sin(..+« 

de 
If, considering only the terms multiplied by -^, we suppose 

a^±= r,?4^f sin 2r + ri^ sin (2r— 5,) + r^' sin (2r+ 1) 
r at dt dt 
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dR contains the term d\ 2-- » 

d\ 

l^=:?m« sin 2r -f —m\ sin (2r— I,) — |m»«, sin (2r+$,) 

, di? 

a. — 

— i^= 3to«cos 2r + ^ycos(2r— O— ^'»*«/C0S(2r+l,) 

d5 contains terms multiplied by — i; to obtain them, it is sufficient 
• d^ 

to take ^\ = —3—' cos L 
(it ' 

^.^=-5?m«.,^cos2rH-^»6,^COs2r-?m«4^'cos(2r-0 
dX 4 ' dt 4 ' dr 2 dt ^ '^ 

-^'5!«C08(2r+?) 

/*dXa.l^=-?l«»e,»^"sin 2r - V^' sin (2r-«,)-im>'!^ sin (2r+5,) 
^ d\ 4 dt 2 di 2 di 

By substitution in the equation 

tf+tf+2A/? + '^=0, 
raj dr 



dV^l 



d«« 
we get 

4 4 4 

1 4w2 + 3r-+ ^ot2 — ?m« — ?m« = 

^ *^ 8 2 2 

— 2»»* + 3r-— ?««--?»»«— ?m« = 
^ ^ 3 2 2 

These equations give 

'^^"■l2' '^«"" 24 '^'-24 

which are the values given by Mr. Adams. 

I shall now endeavour to obtain the terms in the longitude, multi- 

de 
plied by — ', which are required for the present purpose, by means 

of the equation which I have generally used in this work, viz., 

dX_.A^__l_/'d^ 
dt r* r'J d\ 

2a S- contains the terms, 
r 

5»iV cos 2r+ 7to*<?^ cos (2r— •?,)— rn'e^ cos (2r-f f J 
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therefore — contains these terms ; and integrating, the longitude con- 
tains the terms, 

2^- contains also the terms, 
r 

6 n dt 12 n d< ^ '^^12 n dt ^ '' 

therefore — contains these terms ; and integrating, the longitude con- 
tains the termS| 

a^— contains the terms, 
d\ 

\ §— ?ic,«l TO*sin2r + ?lm«c,8in(2r— «,)-?»iV8in(2r+0 
(24) - 4 4 

Integrating twice, and changing the sign, the longitude contains the 
terms, 

-15 !!L'«i^.c082r + ?l !!q£«coe(2^,>-l ^*'c«l(2r+?,) (3) 

8 n d< 16 n d^ 16 n dt 

A di? 

-4^ 3"»' COS 2t + ?lm»«,cos(2r-0-|»'«,co8(2r-fy 
dX 2 2 

d.d^- 

d. ^= _^^X=-.?^cos I, ^ 3 cos 2r + ?!«««, cos (2t-K,) 
dX dX nd^ ( 2 

-|m»«,C08(2r+O 

==..5f'!!!!^cos2r-?!2l^'co82r-0--|^ 

4 n d< 2nd* "' 2 it d« ^ 

Integrating twice, and changing the sign, the longitude contains the 
terms, 

-5l!l*?4?.cos2r-2'^'cos(2r-5,)-?^cos (2r+0 W 

16 n dt S n dt ^ S n dt 

Adding together the four terms which have been found, the longi- 
tude contains the terms, 

5 -5_?03_15_54 }»L»e^^^g2r 
( 2 12 8 16 $ n d* 



^dX 
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+ |-i-M-Te-|l"*T;-(-+^> 
which are the terms given by Air. Adams. 

d — 

, dX^dg dr_ 3^, g.j^ 2r - llmV «»» 2r + ^\ sin (2r-5,) - SmVsin (2rH-n 
dr dX r 2 4 ' ^ 4 ' ^ •../ ^ . v n^-^ 

d^ 

^A=3m'cos2r-i?mV cos 2r + — »i«e, cos (2r-0 - ?m\ cos (2r+5J 
dX 2 2 2 . 

. dR { 203 ,427 ,91 74 ,1505 ,257 ) _. d« 
■" "64 "•'''T^ 

Multiplying by d< and integrating, we get 

2 

I -l.m»+15j»«e/ 1 cos2r-?ljii«e,co8(2r-0+ i-Jii»c,C082r+O i 
( 4 8 J 8 8 I 

-■"eT"**' I 16 16+32+32)'"''- 32-" *' 

r») y dX 2 I J dX ) ) I 32 . 64 J ' 64 



-lm«6,C08(2r-OH-^Vc08(2r+O i 
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«5l= -^ ?m»« >-h I m« ^'e; | cos 2r ?i««« cos C 
+ii»»e, cos (2r-0 - ^'c cos (2r+^,) 

yj?dte= { -|«»+^>»V} C082r-^«»«.co8(2r-O+|m»e,coB(2r+5,) 

ry dX I 16 16 32 82 1 ' 16 ' 

A* I l+2r„+15m«e,»l=a^( l+2r,-15m««»-l?2?m««»-!?5m«e;l 
( 8 ) ( 64 64 ) 

_ ( , , „ 3000 , , 1 
=o,.| l+2r.— ^^'e/J 

A»=aM{ l+2r.-?5??mV} { l-2% + 4r.»-15m^«; 

=<.,|X-{|+3000}.V( 

and adding the term — m^, which was obtained in p. 66, 

In the expression just found, a is absolutely constant, but e, is varia- 
ble; consequently, n will vary, and therefore m likewise, which is 

connected with it by the equation m = — '. Taking the variation of 

the equation for n, and observing that — = , we have 

m n 

V^ a«l 12 64 J ' 

♦ The sign of this quantity in p. 65 should be — . 
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Putting, in this equation, for y/ ^, its approximate value n(l — »/**) 

n (2 64 > ' 

Therefore, if iV be the initial value of n, and E^ the corresponding 
value of «;, 

The first term multiplied by e,«, is that used by Laplace to account 
for the acceleration of the moon*s motion due to the variability of the 
earth's eccentricity ; the second is the term due to Mr. Adams, and 
found by him through the equations in which the true longitude is 
the independent variable, and was published by him in the FhiL Trans. 
for 1853. 

If 

V^ oM 2 ' 64 ' I 

be called n, and if n =.»/^^ (see p. 134, Part II.) 
v^ a' 

-^ + T^-T 192"**' 

The preceding calculation proceeds upon the supposition that the 
higher powers of t may be neglected, and that e, may be properly 
represented by an expression of the form 

No reasoning appears to me to be requisite to prove that if e, is to 
be considered as variable at the end of the calculation, it must be 
treated as such throughout. 
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On thb Dbvblopmbnt of E. 

In the methods employed in this work, much depends upon the accurate 
development of the disturbing function ; I, therefore, endeavoured to 
ohtain this development as free from error as possible, using for the 
purpose two separate and independent methods. See p. 29. Never- 
theless, M. Caylej succeeded in detecting some trifling mistakes, which 
occur in terms which can have no sensible influence upon the final 
result, except in case of the sign of the Arg. 8, which dropped out in 
going through press. The following is extracted from M. Cayley's 
paper : 

" Arg' 1. Lubbock's coefficient (viz. the coefficient in B) is, 

"IV 2' 2* +16' +T' ' +16* +12 ^«r 2 

1 17 

which, substituting for cos*- its value 1 — -y* + --y* — &c., and de- 

2 2 16 

veloping to the fourth order, gives 

4\ 2 2 ^16 ^4 ^16 2^ ^4/ ^4^ ^16^ 12 a'V 

which, in fact, agrees with the value given supr^. I have only referred 
to this term in order to make the reduction. 

Arg. 8. Lubbock's coefficient is, 

the exterior sign should be + instead of — . The term is given with 
the correct sign, Pont^coulant, Arg. 2, 

Arg. 18. Lubbock's coefficient is. 



8\ 2 51 2' y 



which, developed to y«, would be 

8\ 2 51 W 

I make it 

sV 2' TT* 2^/ 
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llie remaining dififerences are ; 



No. Of 

Arg. 

Lubbock. 


Lubbock*ii coefficient 


Coefficient from Deyelopment 
supriL 


58 


+S..' 


64 


59 


+^^ 


-lie- 
32 


60 


_2453 . 
128 


_1599 ,, 
64 


61 


+;-§•'♦ 


-^2- 


62 


-lO-i^^-y 


|(x4e.+|e- ,.),. 


63 


-|(x+|e'-|:e''+ir')r' 


-|(^ + IH'"-^)>* 


95 


-Sr'.- 


-sS^-*^ 


96 


-Mr-^" 


82*^ 


101 


-|(l+8e»+3^-:^r») 


-|(l+2*'+2«'»-^y») 


115 


-11 y* 
128'^ 


15 . 
.32' >^ 


123 


-'f" 


+f" 



The greater part of the discordant terms do not occur in Pont6cou- 
lant's development, which is not carried so far ; and the only differences 
which I find in the coefficiens of Pont^coulant's M (=il) are, as regards 
the arguments 18, 57, 70, corresponding respectively to Lubbock's 
arguments 62, 63, 101, included in the preceding table, and for which 
Pontdcoulant's coefficients, correcting for the change of sign, correspond 
with those given by Lubbock." 

The following corrections are due to M. Delauuay: 



The coefficient of -^, Arg. 5 should be 
Arg. 7 



--1— instead of — -1-— . 
4.48 4.48 

3.15 8^ 

'8.32 " 8.4' 

In developing B in the lunar theory, it is only necessary at first to 
calculate the coefficient of the terms which are multiplied by either 
e or e, ; all the terms which have both, may easily be obtained by the 
following theorem. If we assume 

coefficient of cos (ir+n|+m5J=/>eJc/ coefficient of cos (2r-^mK,) 
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when I, n andj are constant, p is constant, whatever m and k may be, 

except when «=0, >?i=0 ; 
when i, m and k are constant, p is constant, whatever n and j may be, 

except when 1=0, n=0. 

The following Table contains examples illostrative of this theorem 
fory=l. 





1 


n 

1 


-'■ 


2,0 


11,5 


14,5 


29,17 


32,17 


53,35 


56,35 


2 


_1 

i 


8,0 


23,5 


26,5 


47,17 


50,17 






3 

1 


1 
2 


20,0 


41,5 


44,5 










i = I • 


103,101 


109,105 


111,104 










— 1 

1 


5 
2 

1 


102,101 


110,105 


108,104 










i = 2 


4,1 


13,7 


16,6 


31,19 


34,18 


55,37 


58,36 


— 1 


— 3 


3,1 


15,7 


12,6 


33,19 


80,18 


57,37 


54,36 


2 


1 


19,1 


25,7 


28,6 


49,19 


52,18 






— 2 


5 
2 


9,1 


27,7 


24,6 


51,19 


48,18 






3 


5 
24 


22,1 


46,7 


46,6 










— 3 

1 


7 
24 

3 

4 


21,1 


45.7 


42,6 










i = 3 


128,126 


124,120 


126,119 










— 1 


5 


117,116 


125,120 


123,119 











The table reads thus, suppose t=2, »= 1.^=1, therefore 

•'^4=-^l» -RlS=-'?7» "''l6=-''«> •'^Sl=''^19» -'^34=''^18» ^5S=^» 9 ^5a=^»' 

The first term only is here intended to be taken ; the value of p is 
different for different values of j. In the case of tssO, m=0, the value 
of 2? is double ; thus, 2?2= — 2Ro , i?u= — R^ , -ffi4= — ^6 , &c. 



68 



The coefiBcient of c*«, cos(2r — f — £,) employed in the next chapter 
maj similarly be obtained from that of e*e, in the coefficient of 
cos(2r — £,), in which i=2, n= 1,^=3. 

The coefficient of f? cos(2r — ^J)=- 



4-24 
co8(2r) = ^ 



Therefore p= 



913-4-2 



13 



4-24-3-5 



20 



The coefficient of f?e, cos(2r — {,) = 



21-5 

' 16 



13-21-5 



63-91 



Therefore the coefficient of e^c, cos(2r — J — g^)=-^ 70 68 

which is the coefficient given in p. 31. 

This theorem escaped me when I made the development given in 
p. 30, although I noticed a particular case of it. 



' 2 da ' 



See p. 27. 



In this example, t=2, w=l,j^l, m=0. 

Rq=z — 32?| hence, />= — 3. 

But JK18 is derived in precisely the same manner by this mode of 
developing B from Rj ; and we have similarly, 



_ adR^ 

lo— " "■ _ . '■ 



.2if, 



2da 

= — 3Rj p= — 3 as before, 

and so for any other case. 



Calculation of the Terms 

|-^mfi« — ?15me/ I ce, sin (2r— 5— O Arg. 12 in the longitude, 

Br THE Methods employed in this Work. 
The following extract from the Table in Part I. shows the arguments 
which, by their combination with other arguments, by addition and sub- 
traction, produce this argument : 



2 


8 


-{" 


16 l''-^ 
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Arg. 12 arises from the combination of Arg. 2 with Args. 24 and 6, 
and of Arg. 8 with Arg. 26. 

The coefficient in the reciprocal of the radias vector is to be deter- 
mined by means of the equation. 






d«.r» r^ V '/^&c. 



2d^ d<* 2d<» 

r being the elliptic value of r. 

I denote the coefficient corresponding to the n^ argument in the 

expression for a^- by r»; and by Xni that part of the coefficient of the 
r 

^ n*^ argument in the development of the quantity r^g n^(^- ) + &^« 

which is independent of r« with a contrary sign. 

!i=l+3e«-3cA + ^e' ) cos $ +^co8 3« 

[0] [2] 

Hence I see by the table, that in forming tis > we must consider the 

terms in 2- , of which the arguments are 6 and 24 ; and it is sufficient 
r 

to take : 

aaL= i Im»+?^m«« + -^mV I «,cos(2r-|,) 
r ( 2 4 16 ; 

. [6] 
-l^mVe, co8(2r-2H-0 
[24] 

?!*/ ai Y contams the term ^mVe, cos (2r— 5-i > See p. 208, 

Vl2 4*^8 I 82 ^32 16 64 J 32 ' 

2Ua. 105^^9 .4605 .. 369 -^j 
= 4*" "^T'"* "^ -eT"* ' 32*" '' 

Let r»,=l^m+l|lV+4m«»+-Bme« 
|??m4-— m«+^m«*+J5««/ | |(i+3c«)(l-6m)-l | 
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The last terms arise immediatelj from the development of R given 
in p. 30, which has been carefully verified by M. de Pont^coulant, by 
M. Cayley, and by M. Delaanay ; and the terms in rjj which I have 
assumed, are identical with those of M. Plana, and have been verified 
by M. 'de Pont^oulant and myself. It is sufficient to take : 

. ^=j^«._^3„V-L12?«.e,.}e*.co.(2r_5-5,) Seep.30. 

316 3807 815 4605 272 

- 4 +"6r""®^-"" 4 +'6r+16 

fi»- 369 1107 

^_._315 p__615 

64 64 

These results have also been obtained by M. de Pont^coulant ; but 

M. Plana has i4=^. 
8 

I shall now endeavour to find the corresponding term in the longitude 

by means of the equation. 



dX^' 



dX_A 1 /•( 

dF-p"";i/- 

It is sufficient to take, 

d.^\_2A^l_l rdR.. 
dr - r r j»J 6X 



^ 1 +c cos C+e' cos 2$ 



^=:l+2ecoB$ a/*l?A=:-^m««i5,cos(2r 2|— |,) 

2aal=|--^m«»-^mc; le« cos (2r- 5— ^ +?»»«'«/ cos (2r—0 

+^mee,cos(2r-|-0. A=v/m« ( i-^) 
Hence the term required, 

_J 315,35 35 35) . 616^^, 

=-^m 6«- ^«ie; See p. 214. 

32 32 ' *^* 

This result has also been obtained by M. de Pontecoulant; but 
according to M. Plana, the coefficient of me* is zero. 

This discrepancy is probably owing to an error in the equation 

Y^ — 7^ — "q"^^' p. 440 of M. Plana*s second volume; and as this 
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result depends upon those given in pp. 344, 347, 370, 376, 380. 897, 
408, and 417 of the same volume, to arrive at the source of this de- 
crepancy, and to explain it, would require a volume to be written; 
whereas in the direct method here given, the final result is arrived at, 
and all the details given in three pages; and recollecting that it is quite 
useless to seek for an error in my development of R, upon which the 
result mainly depends, the whole computation can be verified by any 
one in a very short time. 



On thb Comparison of thb Results obtained bt the Direct 
AND THB Indirect Method. 

The expressions for the coordinates of the Moon in terms of the 
mean longitude may be obtained either by the Indirect Method 
formerly in use and developed by M. Plana, or by the Direct Method, 
which I was the first to introduce, but the form will not of necessity 
be identical. The quantity e, commonly called the eccentricity, may 
be determined in various ways, but most easily by means of the 
equation of the centre, if Sp represent the quantitiy which M. Plana 
denotes by e, and ei the quantity which I have called 6, and X^ is the 
coefficient of sinf in the longitude, M. Plana finds 

*^ * t ^2 64 2 2 I 

=«, { 2 +|'"*+^'».»-^ ) See p. 196. 

M. Plana's coefi&cient of evection contains the terms, 

— . M5 ^,263 ,,51817 . I 
» I 4 ^ 16 ^ 768 i 

which is the value given in p. 196. My coefficient of «i* is also con- 
sistent with that of M. Plana, see p. 339. Again in the reciprocal of 
the radius vector, M. Plana's coefficient of cos 2r contains the terms 

T '^'256' " 



72 

if «( be sabstituted for e^, this becomes 

which 18 the value I found in p. 123. 

Again, in the coefficient of sin(2r— £ — £,), Arg. 12, M. Plana's 
coefficient contains the terms, 

If"-?-;"'" I-.- 

if ei be substituted for e^, this becomes, 

which is the value I found in p. 267. 

The difference in the constants cannot explain the discrepancy which 
exists between my coefficient of the term multiplied by me^e^» and that 
of M. Plana (see p. 42), because the coefficients of Cp' and e,' in Xg are 
identical. 

M. Plana's coefficient of sin(2r-f)y) contains the term 

(16 1162 S" . 
if yi be substituted for y^, this becomes 

S^^^2tS 7063 ,11 }J i 11 a ,7195 4 ) 

I itn 1T52+96 r*5 ^' = 1 r6"*'+lT52'" S ^' 

which is the value I found in p. 313. 

These examples are intended to shew that when the values of X2 
obtained by the direct and the indirect method are not identical, 
one is as good a check upon the other as if they were so, M. de 
Pont^coulant's expression for e is identical with that of M. Plana as 
regards the terms multiplied by powers of m, but it differs in the 
coefficient of y*. See p. 37. 
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On the Determination of the Coefficients in the Expression 
FOR THE Longitude. Args. 24 and 27. 

Argament 24, when e^ only is taken into account, results from the 
comhinations: 

I 0,24 I 1 1,23 I I 2,12 I {^*^^} { ®»^ } *°^ { ^'^ } 

Argument 27, when 6^ only is taken into account, results from the 
pomhinations: 

|o,27 I I 1,26 I 1 2,15 J 1 3,14 } | 8,7 | and | 9,5 | 

The characteristic S is supposed throughout to refer to terms multi- 
plied hj e,y 

di dp + V ^ ^-dF^^dr T^llJ dX^* 

r=l-i»«cos 2r+^— 1 — -) c cos f + | -- "*-^^'"' ( « ^^ (2r-0 

+/-l-m«Vco8 2| 

^r= { -^'- -?»!« }e,C08(2r-O+ { |%?im» j«,C08(2r+O 

,.|«3^.^-W-V|..cos(2.-...^^^ 

+ j f »' +^«' 1 £«e,C08(2,^25-«,) 4- { -^3^in +gm« J e«6,cos(2r-2|f+|,) 

The last two terms differ from those given hj M. de Pont^coulant, 
vol. iv. p. 510, M. de Pont^coulant having omitted the terms arising 

from ( l," \ given in p. 144. 

The following is the coefacient of ^'^''^^T^'^^^ Arg. 24. 

at 

\ 3/(8 64 ^768 il 2 281 
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The foUoving is the coefficient of , Arg. 27. 

-i-i-1 t-T-'l 

+(■+f)l-■^-^■^1l?■'l I-Y-M-! 

5 35^ , j 105 ,105 1045 315 7_«., ] ^, , J 105 105 ,2775 

"■["is'""*" I ■F"^x""i28 "i28""4 ^ J "* "*" i "-x" re "^-ir 

.8185945 _|_21_21_ 86919 - 175 17625 . 815157 
64 64 4 8 1586 192 1024 64 16 

O-f ^^mO. i— 1^_^5_65 , 815 . 1__77) . . (45 , 45 , 45_65 , 816_l 
"^(16 "^ I T T 128"^r28"^4"" S2J"^ I "8 "^16"^ 16, 64"^ 64 4 



21,5j813_ 75 2jt645^815 91,11669 } ^3 ( ^e C08(2r-2m) 



8 1586 192 1024 64 48 8072 



The values of J2 or — , containing all the terms required in the 

following examples are given in pp. 30, 53, 119, 138 and 165. 

^ is given in pp. 59, 141, 181, and 223* 
d\ 

No uncertamty exists with respect to any of the terms required in 
^ - and ^\. The value of r^- given in p. 1 57 is complete for the purpose 

t* T 

except the following terms, r^- contains the following: 
+ i*i5mVe, cos (4r— 25— «,) — ^^[imVe, cos (4p-25+ ?,) 

128 128 
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The discreptmcy between the value of ^E here given, and that given 
by M. de Pont6coalant» vol. iv. p. 511, arises principallj from his 
accidental omission of the following terms in the reciprocal of the 
radius vector and in the longitude. 

^^^S*"'"'^'"^^*^^^"^'^ "" I^mVe,8in(4r-2|+0 
The characteristic 3 is supposed throughout to refer to e,, 

r qX r^ dX 

?!!'=e cos r ^X, = 2« sin L 

finally, a£ 

I 16 C 32 64 16 32 64 32 64 "^ 16 8 64 ) 

C 1873_6813 ■ 4725_1157_4725 , 7101 . 315_ 7_45 
^l 128 612 612 128 266 256 128 16 16 

_ 11007 __4725. 7875 . 6453_24609 . 1751 
512 128 512 128 1024 266 

( 15^ "*" ( 32 64 "^16 32 64 32"*" 64 16 "^ 8 64 J 

. ( 19 .10737 ,2025 . 81 , 2025_ 10449_315 . 1 _45 
( 128 512 512 128 256 256 128*^16 16 

. 18243 _3375. 2025_11097 _ 24609 _1751 
612 612 128 128 1024 256 



..^i j m*|e«e,cos(2r-2|+?,) 



M. de Pont^coulant's coefficients are, vol. iv. p. 511, 

The terms multiplied by m^ and m' agree with mine. In order to 
introduce my eccentricity, e*(l+m*) must be substituted for e« in the 
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expression of M. de Pont^coulant This with the terms omitted 
accidentally give for the coefficient of m\ 

_«50S_10S, 815 ,4726 ,7875__25765 
1024 16 2S6 fiia 612 1024 

_84161 . 16_316_2028 _8376 _ 1)5261 
1024 16 256 612 512 1024 

dX 2r. 



^*r=^.*^(2X-2X.) 



^^=1 f ^89 _ 189 , 315 _ j89 . 45_ _m ) , 
dX ( 1 32 16 ■*■ 32 8 "^ 4 32 j "* 



4- I €813 . 4725_4725 _7101 .45 . 11007 
"^ I 256 ■*" 256 128 128 8 256 



.7875 4725 6453 5253,4999_ 58265 4] ..,^^ ^- -. 
+ 256- -64 "^-64—512+128 ="-512^ } «Vm(2r-2C-0 

5 i — i?L4.i52 _815 . 189_45 _ 135 ) , 
^1 32 ■*" 16 32 "^ 8 4 32 ) 



_ 10787 _2025 . 2025 . 10449 , 45 18243 
" 256 256 128 128 8 256 



3375.2025,11097 5253 4999_63743 .? . „. .^^ ^orj_r\ 

-256+ 6r+-6r-"M2"W--5l2 "* j ^*.""(2^2?+0 

M. de Pont^coulant's coefficients are, vol. iv. p. 511, 

105^, , 135^, , 90185^4 ^g, 34. 



8 ■ 16 • 512 
8 16 612 ^ 

The terms multiplied by m* and m^ agree with mine. In order to 
introduce my eccentricity, c*(l +m*) must be substituted for e* in the 
expression of M. de Pont6coulant. This with the terms omitted 
accidentally gives for the coefficient of m^, 

90185 .105, 4725 ,7875__58265 
■" 512 "^ 8 "^256 256 512 

75503 15_2025_3375_.63743 
^12 8 256 256 ~512" 
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which agree with the values pven above. 

dX ( 8 32 128 J 

Integrating, y*^d« 

(8 8 1536 ) 

+ j _»« + «««+?«6?m' j A,co8(2r-2|+«) 

Supposing (see p. 166 and p. 223), 

dr, ( 8 32 512 ) 

I, dX ( 4 ^266 5 



iR. 
dX 



dr, r dX, 



( 16 64 1024 ) 

This agrees with the expression of M. de Pont^coulant. 
/d« = «4-/4?».»a.-/{r^«d.,+gcos,„.d,j 

= l{-^f +f+r6=»l-+i-rH-^W=o !"' 

( _25765_27245+51865^_39960 ) ^, je%,co8(2r-2«-y 
( 1024 1536 3072 1586 ) ) 

,f (15 15,15 -) , . ( 315 46 45_ ) , 

+i i r6-8+i6=" r'+\—^ +8-64-" r 

( 95261 54563_19193_2J6£ ) ? «.«^cos(2r-2£+W 
^|~l02r+512 1024-512 } J 
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The coeffidents of m* and m' are zero. 

or f r 

This quantity is part of hB, which has already been calculated with 
a contrary sign, and it equals 






M. de Pont^oalant has 

182158 15 .4725_ 8930 
512 256"^ 512 256 

7749 .815 .2025_2601 
512 256 512 128 



/•^d«= I -Im^-lm" I cos 2r + ^^mh cos I + | ?m« + 9«» | cos (2r-0 



+— m««C08(2r— 20 
8 



+?g*«V«,cog (4r-2{-0 _ H|?mVe,co8(4r-25+i) 

irj dx ~ 

i J 315_189 _45__621 * j , f 12267 _7875 , 
j e 64 16 16 64 1 "^ 1 512 512 "^ 

185_19224^.j |eVos(2r-2^-0 



12267 _7875, 315 , 47257965_ 189 
64 "^ 128 128 8 



64 512 



{ 315 , 189_45 _261 ] ^j . ( _ 16983 , 337 5_ 315 2025 
t 64 "*" 16 16 64 J "^ I 612 "^ 512 64 128 "*" 



189 135^25128^,1 K^^^^^(2^^2^_^^^ 



8 64 512 
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M. de Pont^coolant has 



-261^3-22113^^ Arg,27. 

64 612 ® 

_11349 7875_ 19224 21753 .3375_.25128 
512 612 612 512 "^ 512 512 

Hence, finally, 

=J-"-r-H{-;i+ii-«=-^!-' 

, ( __ 39660 _ 25765 , 3930_19224__5J427 I ^4 1 ^^ cos (2r— 2|— ? ) 
"*" ( 612 266 266 512 266 i ) 

+ \ LV+ I -3L5^??^261^, 2_25 I . 
^^4 ^J 16^64^64 16 i 

( ■7992_95261 . 2601 , 25128^_81491 ) ^, ] 6»c^cos(2r-2|+0 
■^1 512 256"^ 128 ^512 256 J ) ' ^ 

The integral of which is 

[ ?5m4-^m«+?5121«3 I e»e,sin(2r-25-0 
( 4 16 ^ 768 ) 

+ [ -Ii^+I35^a+71231^8 ) ,2, 8in(2r-2«+|) 
- ( 4 ^ 16 ^ 256 J ' 

This is to be added to ^^^^^^\ p. 74, which gives 



dt 



( 446667. 86407 ^7^2195 ) ^4>e'tf 8in(2r-2C-«) 
^ ( 3073 768 3072 J 5 

. $ ( _15 . 15__45 ) „^ ( 13_5_77^m i ^, 

+ ^j T+ie" Ter^lie ^2 32 J 

7J231 ^ 8^441 ) ,^4 1 e^e, gin (2r-2$+5 ) 
^ 256 3072 ) j 



, , 1 1669 
^ 3072 
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This has to be divided by h or multiplied 1+^, finally i\ contains 

o 

the terms, 

{ ]^ „+»^V+?««g?«. j *'e.dn(2r-2«-0 Arg. 24. 

The two former terms are identical with those determined by M. de 
Pont^coulant and by M. Plana, the term multiplied by m^ has not 
been calculated by M. Plana, and my value does not agree with 
that formerly given by M, de Pont^coulant in consequence of the 
omissions already noticed. But M. de Pont6coulant has, at my 
request, recalculated these terms, and has (since p. 46 went to 
press) obtained coefficients agreeing with mine. He has found 

instead of ^^^ mh\, vol. iv. p. 578 ; ^-^— m^^e, and 

196739 a« 872201 -^ 

» T536"^'^" '^ -3072-"'^'^' 

The numerical conversion gives the following results: 

Arg. 24. Arg. 27. 

1 St term, + 5-693(4) —2-183(4) 

2nd „ +2-093(5) + -350(5) 

3rd „ +1-101(6) +1-232(6) 

Total 8-287 — -601 

* M. de Pont^coulant has examined again the coefficient of m^ in these 
coefficients, and has furnished me with the following values : 

. ^. 179393 4 . o7 66823069 . 

^^' ^^' -38r ^ ' ^^- ^^' -18432- '^ * 

These numbers converted give 

'•152(7) + -7 ind. 
1-178(7) + -9 ind. 

Arg. 24, -152(7)+ -find. +8-287=9-139 
Arg. 27, 1-178(7)+ -9 ind.— -601=1-477 

The coefficient of Arg. 27 is still different from 2"-2, the value of Mr. 
Lon^streth. 
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M. Plana has — 1"-495, Arg. 27, the result appearing to agree with 
that of M. de Pontecoulant, but this is in consequence of a mistake in 
the reduction ; M. Plana should have -"350(5), and then his coefl&cient 
would be — 1"-749. 

I will now endeavour to obtain the coefficient of e*tf, sin(2r — 2{— {,) 
and c*«,sin(2r — 2J-|-f,) in the expression for the longitude. 

r 



r 1 8 64 ) ' ^ '^ 



4 4 64 

+^m6»e,cos(2r— 3^+« 
64 



^^= j -— m -i-— TOC* i ctf, co8(2r— 5— f^) 
I 8 64 ) 



— ?5»ic«€r2r+5,)+~»i6«ec08(2r+O+~'»«'«.C0»(2r-3^+^,) 
4 4 64 

64 
dr=r e— — )sin|4-c«8in25 

d.r 5r contains no term of the order we are seeking, 

I 128 128 8 128 128 )' ^ 
^i 256 128 8 128 256 i ' ^ ' 

By the theorem given in p. 60, as the coefficient of e* is zero in R, 

Arg. 9, the coefficients of 6^ in 2?, Args. 24 and 27, are also zero. 

105 45 " 

The coefficients of 3\, — — me^e, and — —jnit^e, already found, have 
16 16 

1 e^ 

to be multiplied by -=: 1 + -^ ; hence, finally, the coefficients sought 

are, 

105 , 175_595^^^_45 , 405_ 45 
32 128 128 32 256 256 

These terms are insensible. 
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1 will now endeavour to obtain the coefficients of tf*6,'. 

ir=^mee*eo8(2T''K—l)— -me«/ cos(2r-4+l,) 
64 64 

dr=e sin^ 

dr^r=-5A^ jiieV«n(2r— 2?— O + — m«»e,»sin(2r— 25+5,) 
128 128 

d.r ^r contains no term of the order we are seeking. 
By the theorem in p. 60, 
the coefficient of e%> co8(2t— 2{-{,) in R=^.^^^^m^=^^m' 

The coefficients sought are, 

615_615_^ JL5 , J^_15 

128 126 ' 128 128 64 

These terms are insensible. 

These examples illustrate the utility of the theorem in p. 60, the 
dovelopment of R, as far as it is carried in p. 30, is indeed now free 
from error, but as in the preceding instances, it may be wished to 
obtain higher ]:erm8 which are not included in that development ; and 
if, as in the preceding examples, they involve e and e,, they may be 
obtained from the terms given in p. 30 without the labour of any 
calculation. 

On thb Construction of Lunar Tables. 

As the object of those who have either calculated or have given 
methods intended to facilitate the calculation of the lunar inequalities, 
has been to procure tables of the moon founded upon theory alone, and 
to rescue this great branch of science from empiricism, I will endea- 
vour now to show how far this object has been attained, and that it is 
possible to construct tables founded upon the coefficients of M. de 
Pont^coulant, that is, upon theory alone, far better than the empirical 
tables of Burckhardt so long in use. 

In this enquiry we receive assistance from a quarter from which we 
did not expect it. 

Via prima salutis, 
Quod minimi reris, Graia pandetar ab urbe. 

♦ These coefficients agree with those given by M. Delaunay, vol. i. p. 36. 
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We are indebted to the Americans, and especially to Prof. Peirce, 
for tables founded upon theory (although this is not the aspect 
under which they were presented) ; the coefficients which differ 
from those of M. de Pont^coulant and M. Plana being only three 
in number in the longitude, and the expressions for the latitude 
and the parallax being entirely due to M. Plana, and therefore due to 
theory alone. Although, at the time these Tables were published, 
these three coefficients deviated from the theoretical value assigned 
to them by M. de Pont^coulant, M. de Pontecoulant has lately recon- 
sidered them, and the discrepancies are now almost, if not entirely 
removed. 

These Tables founded on theory are invaluable, now that the 
Astronomical Society has attached so much importance to empirical 
tables, and that we are threatened to be carried back to the time of 
Clairaut. 

I have already had occasion to refer to the American Tables, and 
I will here merely repeat as much as is necessary to render intelligible 
what follows, omitting minor details. 

The longitude coefficients of the American Tables are generally 
taken from Plana, with the exception of eleven furnished by Mr. 
Longstreth of Philadelphia. 

In eight* out of these eleven coefficients, Mr. Longstreth obtained 
empirically, and confirmed, the values due to M. de Pontecoulant. 



* The Americans attribute these coefficients to M. Longstreth, which had long 
previously -been obtained with great labour and published by M. de Pontecoulant; 
"but to attribute results to one philosopher which have previously been published 
by another, is an act of injustice and spoliation, which should be condemned by 
all who have at heart the interests of science. By also attributing other coeffi- 
cients to the Astronomer Royal which they might equally have derived from M. 
de Pontecoulant, and by taking two erroneous equations from Prof. Hansen, the 
Americans gave to their tables a false aspect, and afforded the Astronomer Royai 
the opportunity of deriding them: 

" These tables are a patchwork (a very good one, I believe) ; but I should never 
think of attaching the slightest value to such compositions, in comparison with 
tables formed from one broad theory." The theory upon which the American 
Tables are founded is consistent in all its parts; it is, therefore, "one broad 
theory," while Prof. Hansen's are not formed from " one broad theory," unless 
empiricism and theory mean the same thing. There is no branch of science (cer- 
tainly none so difficult or extensive as the Lunar Theory) which is not a " patch- 
work" in this sense of the word, that our knowledge of it is derived from th^ 
talent and exertions of more than one person. 
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The remaining three are the coefficients of the following arguments : 

Damoiseau 1828. Pont. 1 846, Longstreth. Pont. 1860. 

2r— 2i— {, -h" -7 -"1-3 -f "2-2 4-"l'5. 

4r^.j 4- 1-9 + 1-3 + 1-9 + 1-7. 

4^— 2£— «, + 3-0 + 1-2 + 3-0 + 2-5. 

Since I began to print this Part, M. de Pontecoulant, at ray request, 
has re-examined his calculations, and has given me the coefficients in 
the right-hand column, which are very close to those of Mr. Long- 
streth. What theory has accomplished is therefore exhibited by the 
average error of these tables, which is about the same as that of the 
tables of Prof. Hansen. The coefficients of M. de Pontecoulant which 
now differ from those used in the American Tables, are of two kinds : 

1st. Those which differ from the coefficients introduced into the 
American Tables by Mr. Longstreth. 

2ndly. Those which differ from the coefficients introduced into the 
American Tables from M. Plana. 

The differences due to the former source are, 

-"•7sin(2r— 2{-f-W — -5 sin (4r— 2£— ?,) 

The differences due to the second are, 

2"-0 sin {,—-6 sin (2r— 2f )— -5 sin (2r-i)— -4 sin (£—£,) 

+ -3 sin (2r— ?+ W— -3 sin (4r— 4{)— -3 sin r + '3 sin (4r— 0- 

The theory is indebted to Mr. Longstreth for the determination 
of his eleven coefficients ; and although Mr. Longstreth has not favoured 
us with any details, his researches must have been very laborious, and 
of greater value than the unpretending character of his Memoir in 
the Philadelphian Transactions would imply. I think, if Mr. Longstreth 
could be induced to turn his attention to the American Tables once 
more, small as the average error now is, he would be able slightly to 
reduce it. 

In order to compare the places furnished by the American 
Nautical Almanac, for which the American Tables are employed, 
with such as would be furnished by the coefficients of M. de Pontecou- 
lant, Mr. Farley began by selecting observations on contiguous days 
free from any obvious anomaly, and thus he formed 29 groups which 
are indicated in Table IV. This table contains the difference between 
the observed R. A. and Dec, and that calculated by means of the 
American Tables. These were changed into differences of longitude 
and latitude by means of Table VI. If x is the coefficient of a small 
subsidiary equation, A the sine of the argument, so that -4 a? is the 
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equation, /=A — O, the apparent error of the tables, Ax-^-l is the 
apparent error which would obtain if the subsidiary equation were 
employed, and 

I^IAx + iV 

is the sum of the squares of the errors. In order that this may be a 
minimum, we have to determine a?, the equation 

In this way I found that to reduce the sum of the squares of the 
errors to a minimum in these groups, the coefficient Arg. 27 must be 
reduced by "'7, making it l"-5, which is identical with M. de Pont^- 
coulant's last determination (see p. 80), and 2"'0 must be added to the 
annual equation, making it — "668*3. According to Le Verrier, the 
value of e' for 1857 is -01676810. M. de Pont^coulant has employed 
the value -01679182 (see p. 36); and therefore his value of the annual 
equation, which was — ''668*932, requires alteration. 

I noticed, in p. 39, a discrepancy in the term Arg. 5, multiplied by 
m%y^, between the coefficients of M. Plana and M. de Pont^coulant. 
Mr. Adams has verified M. Plana's value, and traced the error in M. de 
Pontecoulant's work. M. de Pont^coulant, with the proper value of e„ 
and also by means of the removal of this error, now finds for the 
coefficient of the annual equation 

-."668-268 
for the year 1857, which is identical with the value which I have 
deduced from Mr. Farley's groups. 

The annual change of the annual equation due to the variation of e, 
is "-01688. Mr. Adams called my attention to this circumstance. 

The labours which Mr. Farley has kindly undertaken for me in these 
determinations is very considerable, that is in finding the correction 
which will reduce to a minimum the sum of the squares of the errors ; 
but, although the error of the American tables is very minute, I have 
no doubt that by extending the same process to other, or even to all 
the arguments, that error would be diminished. The machinery for 
this purpose here given is complete, and considering the importance 
to navigation of the Lunar Tables, the trouble would be repaid. 
The errors of the coefficients are so minute that I consider it would be 
sufficient to take them separrately, as we have done in the four cases 
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here given, without having recourse to simultaneoas equations of con- 
dition between several variables. 

The Astronomer Royal's last valae of the parallactic inequality is not 
confirmed by our researches, as it appeared to increase the sum of the 
squares of the errors. 

It would be very interesting to ascertain how much of I or A — O is 
due to the error of the tables, and how much to the error of observa- 
tion. Although we are left in great measure to conjecture, we have 
some facts to guide us. The error of the tables must arise from one 
out of three sources. 1. An error in the longitude of the- epoch. 
2. An error in the mean motion. 3. Errors in the values of one or 
more of the coefidcients employed. The first affects equally every 
place, and cannot produce any difference in the errors of different 
days. The mean motion is so well known, that an error of the 
mean motion can produce no sensible difference in the error of 
two consecutive days. Suppose there are 150 coefficients in the 
expression for the longitude which have an average error of "•! ; sup- 
pose all these to have the same sign, and to be at their maximum 
together, the error of the longitude would be "15*0; but every argu- 
ment is positive and negative exactly during the same time; if the 
period of any argument is a month, it will be positive for 15 days, and 
then negative for 15 days. Hence we may consider that the proba- 
bihty of any argument being positive upon any given day is precisely J ; 
and it is easy to see, from the doctrine of chances, that the combina- 
tions in which the positive and negative signs are evenly distributed, 
or nearly so, will happen far oftener than the rest ; so that events 
similar to the one contemplated above, in which the errors have not a 
tendency to destroy one another, may be entirely discarded from con- 
sideration. Moreover, as the average error is half the maximum 
error, this reduces the error at once to one-half of what it would be if 
the error were always at its maximum. 

I think we are entitled to assume a very small quantity as the aver- 
age error, because we are certain that there is no coefficient affected 
with a large error; and because there is no attempt, as in Burckhardt's 
Tables, to diminish the number of Arguments to be employed, by 
having recourse to an artificial expression which has no foundation in 
theory. If this be the case, whenever A — O differs much * on two 

♦ The total quantity due to some of the arguments affected with the larger 
coefficients may differ considerably on consecutive days ; but the error due to any 
given argument is very nearly the same. 
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consecutive days, this must be due to the error of observation. If the 
average error of the coefficients is 

"•1, an error of 4"-0 requires a preponderance of 40 coefficients, 
"•2, ,. „ „ 20 

By preponderance, I mean the excess of the number of the + errors 
over the number of the — errors, or vice-versd, arising from the coeffi- 
cients. When the errors are considerable, I generally find a marginal 
note by the observer, *' faint, scarcely visible," or the like, indicating 
the adverse circumstances under which the observation was made. 
Frequently when A — O is large, this circumstance is due to the obser- 
vation having been made in broad daylight or in twilight. Mr. Long- 
streth noticed this circumstance. The tendency of these remarks is to 
show that the error due to the tables is much less variable in character 
than that due to the observations. The average error of the American 
Tables and of the observations combined for the three years that I have 
examined is S"'2. This is the average when all the imperfect observa- 
tions made under adverse circamstances are retained. 

I trust that M. de Pont^coulant will carry his approximations 
further, so as if possible to avoid altogether the necessity of having 
recourse to induction ; but the accuracy of the American Tables is 
already such, that practically little advantage will be gained, unless the 
observations can be improved. If a slight change be made in one or 
more of the coefficients and places are calculated with them, a certain 
percentage of the places will be improved, even if the coefficients are 
made worse ; if they are made better, and if several hundred places 
are taken into account, the majority of places will probably be im- 
proved, and the percentage will probably exceed 50. But this may 
not be the case, even if the sum of the squares of the errors be dimi- 
nished ; thus the substitution of M. de Pont^coulant's coefficient of 
sin (2r — £,) for that of M. Plana which is employed in the American 
Tables, reduced the sum of the squares of the errors from 5545*56 to 
5490*64 upon 339 places ; yet the majority of places were not im- 
proved, the percentage being only 46. Under these circumstances, 
and considering besides that M. de Pont^coulant and myself have no 
chance of fair play in this generation, there is little encouragement 
held out to us to make the enormous sacrifice of time and labour neces- 
sary to carry the approximations further. The determination of the 
correction a; p. 85, by means of the groups is equivalent to the em- 
ployment for this purpose of 132 picked observations; but the value 
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obtained was difiPerent from that obtained hj all the observations of 
those years. Moreover, the observations of each year gave us a totally 
different result.* The Greenwich observatory furnishes about 1 00 
transit observations per annum; their conformity with the places given 
by the American Almanac varies very much, in different years, if we 
may judge by the three years which I have examined. The squares of 
the errors of the places in the American Nautical Almanac were as 
follows, for the years 1856, 1857, and 1858. 



1856 
1857 
1858 


No. of 

Observations 

employed. 


Longitude. 


2/« 


Average 


Sq. rt. 


94 
115 
129 


1496 
1438 
2612 


16 
12 
20 


40 

.3.5 

4-5 



These figures show how much the apparent errors of the places of 
the Moon in the American Nautical Almanac vary in different 
years ; the places wide of the observations being far more numerous in 
1858 than in the preceding years, although the observers and the 
system of observation, as far as can be gathered from the 
introduction to the observations, appear not to have varied. The 
observations of one year, although more than 100 in number, 
will not serve to determine the value of a coefficient within 
"•5. Mr. Farley calculated the places with the Astronomer Royal's 
last value of the parallactic inequality ; by this change, the sum of the 
squares of the errors was diminished for 1856 and 1857, and increased 
by a greater amount for 1858. The same thing happened with other 
coefficients which we changed ; the places of one year were made 
better, and of another made worse. 

These details show that Prof. Hansen's tables do not *' far surpass 
in accuracy" f the American tables ; but the difference is so slight, that 



♦ Mr. Longstreth employed the observations of five years, 499 in all. I am 
anxious to know whether he found that different years gave him the same result, 
and whether or not he used equations of condition with more than one unknown 
quantity. 

t This statement inserted in a resolution of the Board of Visitors of the 
Greenwich Observatory, was no doubt founded upon the announcement 
made to the Astronomical Society by the Astronomer Royal, that Professor 
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whether they give better places or not, can only be decided by a 
careful comparison of places calculated from both tables with the same 
observations. 

According to Damoiseau, the secular mean motion 

o ' n 

of the mean longitude = 307 52 41-6 
of the perigee = 109 2 46*6 

of the node =—134 9 57-5 

If we add 1336 cu^umferences to the first quantity, and divide by 
36525, we find the daily motion 

of the mean longitude = 13°-17539639. 

If we add 11 circumferences to the second quantity, and divide by 
36525, we find the daily motion 

of the perigee = *>'ll 14044153. 

If we add 5 circumferences to the third quantity, and divide by 
36525, we find the daily motion 

of the node = — 0-0529545783. 



Hansen's Tables constituted the greatest stride ever made in practical science : 
** Probably in no recorded instance has practical science ever advanced so far in 
accuracy by a single stride." (Monthly JVoHces, April 8, 1859.) 

In the Preface I have quoted the exact words of Prof. Hansen, as given in the 
Monthly Notices; the original is: *'In meinen Mondtafeln habe ich einstweilen 
Coefficienten angewandt, die nicht frei von einigen Empirismus sind.*' 

The correct translation appears to be : " In my Lunar Tables I have provision- 
ally applied coefficients which are not free from some empiricism." (See Note by 
the Astronomer Royal in the Monthly Notices for Dec. 14, 1860.) The plain 
English of this passage is, that some of Prof. Hansen's coefficients were determined 
empirically. 

The little that Prof. Hanson has allowed to transpire about the construction 
of his tables in the Monthly Notices is very obscure; but the following facts may, 
I think, be inferred: 1. That he multiplies all his coefficients in the expression for 
the longitude by empirical factors. 2. That he diminishes his latitudes empirically 
by 1", to make them come right. 3. That his factors of integration were obtained 
empirically. 4. That some of his coefficients are altogether empirical. Tables 
constructed upon such a foundation, although they have been honoured with the 
approbation of the Visitors of the Greenwich Observatory and the medal of the 
Astronomical Society, are of a different complexion from those of the Americans. 



90 

The quantities emplojed in the American Tables for the mean 
motions are as follows: 

of the mean longitude, 130-1763966914 
of the perigee, -111404955236 

of the node, - -0529537946 

The last quantities are taken from the Astronomer Royal's paper in 
vol. xvii. of the Memoirs of the Royal Astronomical Society , and they 
differ from Damoiseau's values in consequence of the introduction of 
the unfortunate equations of long period supposed to be due to the 
motion of Venus, which the Astronomer Royal then believed to be 
accurate. These equations have thrown into confusion this portion of 
the lunar theory ; but as their present influence is counteracted by a 
corresponding alteration of the mean motion of the longitude, they 
will not for some years to come seriously affect the places of the moon 
given by the American Tables. 

According to Prof. Hansen, the following are the secular motions 
(Monthly Notices, Nov. 10, 1854) : 

O f tf 

of the mean longitude = 807 53 39*61 
of the perigee = 109 3 2-46 

of the node =—134 8 59*61. 

But these are probably associated with Prof. Hansen's new equations 
of long period due to the action of Venus, one of which M. Delaunay 
has found to be insensible ; in which case the mean motions will again 
liave to be modified. 

These numbers of Prof. Hansen give for the daily motions : — 

of the mean longitude . . . 13' 1763968 

of the perigee -1114045 

of the node ...... — '0529542 

The following are the values for Greenwich, 1857, Jan, : — 

With the constants used in the American Tables, 

r=55-0335 {=310-3971 {,=359-6176 iy=32l-3105 

With Prof. Hansen's constants, 

r=550243 {=3104007 {,=359-6243 17=324-3071 
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so that the cause of any discrepancy which may be found to exist 
between places given by Hansen's tables and those by the American 
tables must be sought elsewhere than in the arguments of the 
equations. These differences are considerable, amounting sometimes 
to "12. 

The " form of the formula of the longitude is modified" in the 
American Tables by substituting for the term 

— "411-7 sin 2,, 

depending upon the mean argument of the latitude ly, the following 
term depending upon the true argument of the latitude, ^ 

— "416-7 sin 2^, which should be — "416-9 sin 2^. 

I believe the expression in the 2nd page of the introduction to be 
incorrect; and this alteration appears to have been the cause of a great 
deal of mischief without any corresponding advantage.* If I am 
not mistaken, some of the tables which involve rj in the expression 
for the longitude will have to be recast, and new ones added. The 
Americans profess to take in quantities of the order "'2 ; the following 
table shows the errors of the coefficients of the American Tables. 
It will be seen that there are no less than seven tables with erroneous 
coefficients ; and three new tables are required for coefficients amounting 
to "-2. 

The new equations required, in their order of magnitude, are: 

-l"-5 sin (2r-2?+2j7) - l"'! sin (2r-$+2j7) - "-3 sin(3|+2»?) 

and the tables 16, 56, 28, 50, 54, 64, and 67 must be recast. 

The first column gives the coefficient which ought to be found in the 
sixth page of the introduction to the American Tables. The second 
column contains Plana's coefficient, except in the three cases marked 
L, which the Americans attribute to M. Longstreth, but which are, 
in fact, due to M. de Pont6coulant. The sum of these is the correct 
coefficient which is given in the next column. The next column 



* The effect is chiefly to knock out the term 'of which the argumeut is ?4-2»;, 
and to double that of which the argument is K—2tj. 



gives the coefficient actually employed by the Americans, and the 
error is in the one beyond. 



Ai-gament. 








True 
coefficients 


American 
Tables. 


Error. 


No. of 
Table. 






II 


U 


II 


II 


II 




2?+2»l 




4-0 


- 41 


— 'I 




— 'I 




. ^K—^v 




— i*o 


— 1*1 


— 2'I 


— 2*o 


•I 


78 
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39-4 L 
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16 
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As I see no use in introducing the true argument of latitude, I have 
not calculated the coefficients here given with great care. I trust the 
Americans will carefully revise all this part of their work. 



On thb Calculation of an Ephembris by Machinbrt. 
It seems worth while to enquire whether it would not be better to 



This coefficient is incorrectly given in the Table inserted in the Appendix. 



do away with the use of tables altogether for the small inequalities, an'' 
employ machinery for the purpose of obtaining them. 



Fig, 1. 



Fig,2. 



Fig. 3. 





Fig. 1 is the side view of a wheel. 

Fig. 2 is the front view of the circumference of the same wheel, the 

figures being omitted. 

Fig. 3 is the circumference drawn out, and therefore is to the last 

3 14159 
in height as, -^— ^ — : 1. Equal divisions on this represent equal 

divisions on the circumference of the wheel. Now, suppose this wheel 
is intended to give the value of an equation, of which the epoch at the 
given time is 0, suppose the ephemeris required for every twelve hours* 
and suppose the coefficient of the argument to be ''10. Suppose, also, 
the period for the argument to be eighteen days. The circumference 
of the wheel should give at A, the value of the equation which is 0. 
Now, suppose the wheel moved through an angle of 10°, it should now 
indicate at A the value of the equation for 12 hours later, which is 
''1*7, and so on. If "10 is added throughout to get rid of the negative 
values, then the proper numbers will be those inserted in fig« 3. If 
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a roller be brought into contact with the wheel successively at A, the 
figures may be printed off upon it. 

Now, suppose a second wheel moving round the same axis as the 
first, and representing another argument, with a different period, and 
carrying on its circumference the proper figures. Suppose the period 
to be double the period of the other, this wheel must be moved through 
5°, while the former is moved through 10°. And so for any number 
of equations. The difficulties to be overcome consist in being able 
to make a number of wheels revolving side by side on a common axis 
have different periods of revolution corresponding to the different 
periods of the arguments, and in giving the roller a motion of rotation, 
and also a motion of va et vient. At each movement, the roller must 
move through a given space, and also be pressed against the circum- 
ference of the wheel carrying the figures, I think the longer equations 
must be computed as at present ; but there are a great multitude of 
small equations under ''10 which might be obtained with great rapidity 
if this idea can be carried out in practice. I imagine that the wheels 
might have different velocities given them, by means of pinions of 
different sizes fixed upon a common axis. I have inserted the figures 
in Fig. 3 for every ten degrees, but without making the wheels incon- 
veniently large they might be inserted foiL every degree. The results 
would appear on the roller in a horizontal line. If the numbers are 
placed vertically on the wheel, then they would come out over each 
other, but to get the same number of figures inserted, the wheel must 
be larger. The machine must be set, and then it would go on printing 
as long as the motive power continued. 

Unless some method can be devised of computing with facility the 
sum of the smaller equations, a great deal of labour which has been 
taken to obtain the coefficients accurately will probably be thrown 
away. Probably more equations might be taken into account with 
advantage, which are now discarded on account* of the trouble 
they would occasion. Such work would be far within the reach of 
Mr. Babbage*s Analytical Engine, described by General Menabrea in 
the third volume of Taylor's Scientific Memoirs. 
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TABLE II. 

OMPARISON OF THE NcTMBRICAL VaLUBS OF THE COEFFICIENTS OF THE PERIODIC INEQUALI- 
TIES OF THE Latitude of the Moon, in Terms of her Mean Longitude. 
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^ Notes by M. de Pontecoulant, vol. iv. p. 631. 

* Ce coefficient est une des arbitraires de U theorie; nous avons cm devoir adopter le resultat de Barck- 

xdt. 

t'^ La diifference entre le resultat de M. Plana et le notre, tient ^ une faute qui existe dans sa formule ana- 

tique, et qui tombe sur les termes de Tordre rn^ey. 

<*> La difference de i" entre le resultat de M. Plana et le notre, tient a une erreur dans la reduction de 

3 formules; au lieu de 4"'879(5) (t. I. p. 720), on doit lire 3"-879(5) dans le coefficient de sin (2$— 20— 1,). 

(3) II y a erreur de signe dans la formule de M. Plana; la reduction en nombres est d'ailleurs ^galement 

ative. 

(a) Les resultats marques d'un <"J dans ce tableau ont evidemment besoin de correction. 
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Notes by M. db Pontecoulant, vol. iv. p. 631. 

C*> n y a erreur dans la reduction en nombres de la formule de M. Plana. T, L p. 720, au lieu de o"'3i3(i 
)n doit lire o"*626(4);ce qui, au lieu de o"'627, donne o"'94o pour le coefficient de 8in(25— 20'— f;), resal 
jui Concorde avec le notre. 

W Dans la reduction en nombres des formules de M. Plana (t.I. p. 722), au lieu de — o"*033(5), ondl 
ire o"-33i(5) dans les coefficieus de sin (5+0'— 1?) et de sin(5+0'+i?); ce qui donne, au lieu de o"-95i po 
les coefficiens, ©"-653, resultat qui s'accorde avec le notre. 

(®^ M. Plana a omis, dans sa formule analytique, le terme principal de Pordre m?y, 

(a) Les r^sultats marques d'un ^"J dans ce tableau out evidemment besoin de correction. 

Notes by Sir J. Lubbock. 
The Americans use Plana's expression for the latitude, in an altered form, with the exception of the coo 
dent of sin »/, and two small coefficients determined empirically by the Astronomer Royal. 
According to the last determination of the Astronomer Royal, the coefficient of sin 17 is i8463"-i. 
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TABLE III. 

Comparison or thb Numerical Values of the Coxfficibnts in the Expression for 
I THE Parallax of the Moon. 
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2r-f-|, 


12 


2^-0-0' 




17 


0-3 


1*45 


1-449 


1-449 


1*45 


•0 


ir+^-hl. 


13 


2^+0+0' 




— o-i 






— O'ooi w 


— 0-041 




•0 


5-C 


H 


0-0' 




I'l 


1*1 


I '20 


' I -060 


1-053 


116 


•0 


*r-^-h?. 


15 


2^-0+0' 




0-2 


09 


— -24 


— . 0-380 


ST °*375 
0-196 


— 0-23 


-0 


»r+^-?. 


i6 


2^+0-0' 




0-2 


O-I 


•18 


o-i88 


0*22 


-0 


3^ 


20 


30 




0*2 


0-5 


•63 


0634 


0-633 


0-63 


•0 


2|+C 


23 


20 + 0' 




— O-I 


O-I 




— 0-080 


— 0-091 


— o-io 


-0 


*^-?. 


26 


20-0' 




O-I 


O-I 




0-085 


0-102 


0-I2 


-0 


1-2,, 


<>5 


0-2,, 




— 0-8 


0-8 


— 70 


1-194 


— 0-700 


— 0-71 


— '5 


P 


lOI 


^ 




— i-o 


— i-o 


- -98 


— 0-925 


— 0-923 


— . 095 


•0 


''— ?. 


104 


1-0' 








•14 


0-152 


0-149 




•0 


'47- 


131 


4^ 




0-3 


O-I 


•21 


0-136 


0-195 


0-26 


•0 


4r-l 


132 


4^-0 




0-6 


0-6 


0-57 


0-498 


0-497 


0-60 


•0 


i4r— 2$ 


136 


4^+20 




0-3 


0-4 


0*40 


0-325 


0-308 


0-37 


•0 



Note by M. de Pontecoulant. 
(a) II y a erreur dans le formule analytique de M. Plana, ainsi que dans sa reduction en nombres. 

Notes by Sir John Lubbock. 

jfiiffhe Americans use Plana's expression for the Parallax. 

Mr. Adams' values are given in vol. xiii. of the Memoirs of the Royal Astronomical Society, and are 
bunded upon the correction of a numerical error in the Introduction to Burckhardt's Tables. 

According to the last determination of the Astronomer Royal, the constant is 3423"- 54. 



( viii ) 

TABLE IV. 

Comparison of the Differbnces from Observation of Moon*s Places, as 

INDICATED BY BuRCKHARDT's TaBLBS AND THE AMERICAN TABLES. 



Dat6 0fObsn. 


R,A. 


p. 1 


Date of Oban. 


R. 


A. 


• 

Dec. 


with 
Greenwich 








with 
Greenwich 






















, 




Transit Circle. 


B-O 


A — 


B-O 


A-0 


Transit Circle. 


B-O 


A — 


B — 


A-O 


1856. 


8. 


8. 


V 


1/ 


1856. 


8. 


8. 


If 


w 


Jan. 2 


.... 




— 7-1 


— 2-3 


July 6 


o'94 


0-42 


.. .. 


,,,, 


(12 


0*56 


— o*o6 


77 


2*2 


16 


i'o6 


— ©'©6 


— 4'© 


3-5 


l|'3 


0-46 


O'll 


8-0 


a-4 


17 


1-29 


©•©2 


^4*S 


07 


Mh 


0-49 


o'i6 


9-8 


3-2 


18 


i'37 


©•04 


©•4 


2'2 


(is 


0-37 


— 0-09 


io'6 


2-3 


22 


C'82 


— 0-49 


6-S 


-5-8 


iS 


O'lO 


•— 044 


7*o 


— 0-6 


»5 


o'44 


— ©-67 


9*4 


— 1*6 


'9 


0*05 


— 0-31 


67 


0-3 


26 


©'64 


— ©•47 


.... 


.... 


24 


0'2I 


o*i6 


— 2-8 


— 27 












»5 


0-I7 


016 


— ^-3 


— 0-9 


Aug. 5 


0*70 


029 


— 2'7 


I '8 


a? 


o*oi 


O'OI 


— 2-6 


i-o 


6 


o'3i 


©•12 


— o'S 


30 


28 


015 


O'lO 


— 41 


0-9 


7 


019 


©'2© 


— 39 


— 0-5 


29 


0-20 


0*07 


-.4-6 


1*4 


10 


o'38 


©•24 


-S-6 


©•0 












114 


073 


©'©8 


— 4*5 


2-3 


Feb. ( 14 


0*56 


0*03 


6-5 


— 07 


0-89 


— ©'©5 


— 3'4 


2-1 


2^15 


0*46 


— 0-I4 


31 


— ^'9 


113 


— o'i7 


— 1*1 


1-6 


(16 


0-33 


— 0-I3 


2-8 


— 1*4 


(15 


'1^ 


— ©-15 


2^0 


©•9 


24 


0*20 


O'll 


— 5** 


o-i 


22 


0-82 


— 0-43 


92 


03 


as 


0*09 


0*03 


-3-8 


I 9 












26 


0-I3 


009 


— 41 


2*2 


Sept. 5 


0-51 


©•32 


.... 


.... 












(12 


o'8i 


— ©'©6 


*7 


2*2 


Mar. 13 


0-34 


o-oi 


47 


I'O 


16 


©'89 


— ©'24 


7*3 


— I'6 


/14 


o-6o 


o-o8 


1*4 


2*2 


©'94 


— ©'13 


99 


— i'9 


\i7 


(0-3S) 


0'02 


— 0-9 


0-8 


©•95 


©•16 


IO-5 


— ©-6 


3.^" 


• 018 


-o-t4 


— SS 


21 


18 


©'84 


©•27 


9'2 


— 07 


''^26 


0-13 


— 0-29 


— 7*3 


0-6 


19 


1-32 


©•39 


7-8 


©•I 


/28 


0-47 


— 0*09 


-3-6 


21 


21 


i'33 


— ©18 


©•9 


— ©'3 


(29 


0-25 


— o*59 


— 2-8 


I'O 


23 


©•86 


— ©'©7 


— 4* 


— 14 


31 


0-09 


— 0-83 


.... 


.... 






















0ct.*I2 


©•©9 


--©•35 


S-5 


1*3 


April/ 9 


0-35 


0-22 


3-2 


— 5*4 


13 


©•36 


©'22 


7-8 


— ©-I 


12 


0-62 


C*22 


— II 


1-2 


16 


I'lO 


©•69 


lO'I 


2-6 


4/13 


0-67 


0-2I 


— 3-5 


10 


18 


• ••• 


.... 


3*9 


©•! 


1'^. 


061 


0-23 


— s;9 


— o'S 


21 


1-3© 


©•23 


— s-o 


07 


(16 


0*05 


0*22 




— 0-6 












20 


0-03 


— 0-23 


— 5*8 


1-6 


Nov. 4 


©•41 


0*20 


2^2 


2-3 


21 


0-I4 


— 0-41 


-6-5 


2*1 


5 


©•27 


— ©'42 


.... 


.... 


22 


o'SS 


0*29 


— 60 


3-0 


6 


©•59 


©'I9 


^'5 


— ©'4 


27 


0-41 


0*70 


1*5 


— 17 


8 


0'27 


— o'34 


z'S 


— ©'I 












10 


— ©'©4 


— ©'31 


6-8 


17 


May 10 


0*50 


0-28 


1*2 


0-3 


II 


©15 


— ©'19 


7*3 


©•© 


II 


0-42 


0-24 


— 2-3 • 


I'O 


14 


I '©6 


©•36 


4*9 


©•I 


13 


0*64 


0-34 


— 80 


— 2'9 


IS 


©•95 


©'27 


©•3 


— 1-8 


14 


0-57 


0*34 


lO'O 


-4-8 


16 


I'l© 


©'39 


— 3*3 


- 1-9 


fiy 


o*o6 


0*25 


— 61 


— 2'5 


18 


.... 




— 4*8 


1*3 


18 


— 0-05 


o-o8 


— ^'9 


17 












5< 19 


0-03 


— o'o6 


-3-6 


2'0 


Dec. 2 


©•65 


©•©2 


r6 


— 3*S 


20 


0-42 


o*oo 


— 3-3 


3*2 


7 


©•43 


— ©'35 


83 


'1 


(22 


0*50 


-0-58 


I'l 


41 


9 


©•26 


— o'43 


8-4 


©•8 


26 


0-88 


— 0-40 


7-8 


— 31 


10 


• . .. 




4-6 


— 1*5 












f '3 


©•92 


©•25 


17 


4-0 


ne^ 10 


0-33 


0-25 


— 6-8 


-3-6 


\i4 


©•81 


©•©3 


—. ©'4 


07 


e'" 


o-ji 


0-27 


-8-5 


— 4-S 




©'62 


— ©'©8 


— ©'4 


2*1 


^14 


0-07 


0-35 


— 7*1 


2'I 


©73 


©•16 


— 4'© 


©•6 


(is 


— 0-17 


0'02 


— 7*1 


I'l 


/17 


©•64 


©•23 


•"■ S'S 


-©•3 


17 


0-35 


0-02 


0-3 


81 


( is 


0-58 


©•26 


-6-3 


— ©-6 


19 




.... 


— IS 


3-6 












20 


*o'88 


— 014 


19 


3-2 












as 


0-59 


0-36 


99 


— 3-S 












z6 


0-32 


— 0-38 


141 


I '2 













(ix) 
Comparison op the Differences, etc. — Continued. 



Date of Obsn. 


K. 


A. 


1 


Date of Obsn. 


K.A. 


Dec. t 


with 










with 
Greenwich 










Greenwich 


















!Vansit Circle. 


B-O 


A— 


B-0 


A-0 


Transit Circle. 


B-0 


A-0 


B-0 


A-0 


1857. 


8. 


8. 


If 


If 


1867. 


8. 


8. 


if 


// 


Jan. 2 


0-5I 


— 028 


34 


— 3*3 


Jane 25 


I -08 


— 0*02 


— 1-5 


2'0 


3 


0*64 


— 0-15 


5*3 


— 3*3 


26 


094 


0*03 


— 3-0 


1-3 


8 


.... 




a-4 


- 33 


27 


058 


— 004 


— 2-6 


1*9 


(;i 


074 


0*03 


I'O 


— 0'2 


28 


0*36 


0*02 


— 2-8 


I'l 


063 


— 0*04 


— I'O 


37 


29 


0-44 


0*23 


— 3*a 


0'2 


10 ^ 14 


0-63 
0*30 


0*07 
— 0-09 


— 1-4 

— 2-8 


2-6 
1*9 


July r 6 


0-33 
o'53 


003 
0*I2 


24 
I -8 


6*9 
5-1 
2*5 


(i6 


0-44 


o*i6 


— 6'2 


2*0 


14' 9 


I 'GO 


018 


4'o 


31 


0*50 


— 0-39 


8'6 


— 17 


II 


1-09 


— 028 


8-8 


Feb. 4 


0-98 


— 049 


4*9 


— o'8 


12 


1-09 


— 0-48 


io'4 


— 4*5 


6 


.... 


.... 


1*4 


o'4 


14 


.... 


.... 


14-1 


1*2 


7 


0-55 


— o'i6 


— I'2 


— I'l 


V 


0*24 


016 


o'5 


1-8 


8 


0-58 


0-03 


— 17 


o'3 


Aug. 2 
3 


0*45 


O'l 3 


00 


2*2 


lO 


0-57 


0*04 


— *-5 


a*3 


0*31 


— 0*21 


1-6 


11 


II 


0-47 


O'OI 


— a-4 


2-8 


4 


o'6i 


— 0*04 


4'5 


12 


0-47 
0*26 


0-I2 


2*0 


a-5 


9 


082 


— 0*63 


7-0 


~ 6-0 


13 


— 001 


— 4'2 

— 60 


— o'4 


*5 


coo 


— o'i6 


2*2 


O'l 


«5 


0*04 


0'27 


""*'! 


26 


— 0-04 


0*02 






'6 


O'll 


0-20 


0*4 


38 


(29 


— 0*04 


0-09 


4-0 


r6 


^Mar. I 


.... 


.... 


io'3 


o'S 


15 30 


0*12 


O'l 8 


3*4 


4*a 


4 


i-i6 


— o-o8 


.... 


.... 


(31 


0-42 


031 


4*3 


5*5 


1 


i-os 
0*04 


— o-ii 

— 0*30 


0-6 
— 1-6 


01 • 

O'l 


Sept. I 
4 


0-45 
0-98 


0*10 

0-2 1 


37 
6'7 


4*6 
i"4 

O'l 


7 


0-45 


— 0*26 


— i'8 


00 


5 


099 


— 017 


8-3 


8 


0-39 


— 0-I4 


— 4'2 

-6-5 


— 0-7 


6 


0-88 


— 024 


8-3 


— 3*3 


9 


.... 


.... 


2'I 


II 


1-48 


— 0'50 


— 2-6 


— i'8 


12 

11 i6 

(i7 


0-44 
0-17 


017 
— o*i6 


— 2-6 


0-2 
I'O 


24 
(28 


0'26 
O'OO 


029 

O'll 


47 


*5*8 
5*4 
5*8 


o-ii 
0-24 


— 0-24 

— o'i6 


a-5 

— O'l 


5-8 
— 1-6 


'All 


o-i8 
0*03 


0-23 
O'OI 


3*4 

3*2 


31 


o*47 


— 029 


2*1 


















Oct. i I 


o'o6 


— 0'o6 


4*3 
4'3 


4*5 
1*3 
I'l 


April 2 


0-59 


0-2I 


— c'4 


o'4 


2 


0*12 


— 0'29 


3 


075 


— 0*03 


— 3'o 


0'2 


6 


1-24 


— 0-28 


97 


^ 6 


013 


— 0*30 


— 6'2 


I'l 


8 


141 


— 0*35 


o'8 


— o'9 

— I'l 


8 


O'll 

0-36 


— 015 


— 3*3 


I -6 


9 


i'53 


— 0*47 


— 3*9 


9 


012 


— 44 


°l 


*3 


0*44 


0*10 






14 
i8 


0-35 
o-i8 


— 0-27 

— 0*69 


2'0 
2*1 


-li 


\U 


023 
025 


— 0*05 

— 013 


7-1 
6-4 


4*9 
4*3 


May I 


0-49 


— 0-03 


— a*3 


o'4 


^Aii 


0-26 


— 005 


5*9 


3*8 


3 


0*62 


o-io 


— 6'8 


— i'3 


O'OI 


— o'o6 


7*9 


7*6 


4 


0-41 


— 0-05 


-- 8i 


— ''9 


30 


0'o6 


— o'03 


5*3 


4*1 


5 


0-27 


— 0-04 


— 5-4 


o'4 


. {31 


0*25 


— 0*19 


7-2 


3'3 


6 


024 


0*07 


""^1 


— 0-5 


Nov. I 


0*54 


— 0*33 


8-2 


O'O 


( I 


0-09 


O'OI 


— 4'6 


O'O 


5 


1-26 


024 


— i'9 
6's 


2'2 


,oJ ^ 


— o-oi 


— 0-I7 


~''l 


2'8 


22 


0-58 


— 014 


3*4 


12-^ II 


0-41 


— 0*36 


2'6 


5*3 


^ 


0'57 


— 018 


5* 


— o'9 , 


13 


077 


— o'i6 


4*1 
6-2 


a-4 


(*7 


0-85 


0'20 


8-4 


i'3 


- ^'t 


0*67 


— 0-24 


a-4 


"\'i 


070 


o'i8 


92 
97 


2'4 


i6 


078 


— 014 


.... 


.... 


0*56 


O'OI 


2-6 


17- 


0-38 


— 0-51 


8-0 


— i-i 


(30 


0'7O 


— 0*19 


7*5 


0'2 


27 


072 


0'12 


47 


3'2 












31 


0-58 


0-I7 


— 5*9 


— o'9 


Dec. I 


ro'94 


— 0*40 


4*9 


— o'9 












2 


098 


— 0*4^ 


2'0 


— 0-6 


June 1 

2 

4 


0-35 
0*56 
o*i6 


O'OI 

0'26 

0*09 


— 91 

— 7*5 

— 39 


— 33 

— 1*5 

I '2 

3'6 
4-5 


3 
4 
7 


092 
073 
0*55 


0-22 

0*02 

O'OI 


— ^'9 

— 3*9 

— 9-0 


— 1*3 

— 15 

— 1-6 


\ 9 


— 0"12 


— O'lO 


— 1*3 

— o*3 

2'7 










o*i6 
060 


— • 0'23 

— o'o5 


10 

f 27 


0*29 
0*90 
I 04 


— 003 

— 0-23 
O'll 


— 9*4 

7'o 

7*2 


— 2-3 

— 3*9 

— o'9 

— o'3 

3*5 

— I'l 


1 '° 

13 < 12 

)i3 


073 
0-83 
ri3 


— o'i8 

— 0-36 

— on 


4-0 

8'2 
I2'7 


3'o 
— o'3 

I'O 


28 

19.^29 

/ 30 


I -07 

(1-40) 

I '06 


0-25 

0-51 

— 0*05 


5-6 

7'2 
0'2 


I '^ 


i-oi 


0'20 


i5'o 


1*2 


(31 


0*79 


— 0*47 


— 1-8 


0-2 


^15 


067 


— 0'4i 


141 


— 0"2 













(X) 





Comparison of thb Dipfbrbnces, 


BTC. — Continued. 






DateofOben. 


B. 


A. 


Dec. 


DateofObsn. 


B. 


A. 


Dec. 


with 
Greenwich 










with 
Greenwich 


























Tranait Circle. 


B— 


A-O 


B—O 


A_0 


TransitCircle. 


B-O 


A—0 


B— 


A — 


1858. 


s. 


8. 


// 


1/ 


1858. 


8. 


8. 


V 


// 


Jan. I 


0-95 


— 0-24 


— 8-2 


— i*5 


Juno I 


0*41 


— o-oi 


15*5 


lO'I 


6 


0*50 


0-15 


— 5*9 


— 1-2 


3 


0-45 


0-19 


10-8 


3*9 


9 


0-13 


— 0*29 


— I'l 


17 


7 


— 0-28 


— 0-38 


.... 




19 


0-52 


— 0-is 


2-3 


— 3*2 


15 


0*90 


0-26 


— 1*5 


5*2 


20 


.... 


.... 


— 07 


— 6*4 


16 


p-5a 


— 0-24 






/ 22 


0-38 


— 0-49 


5*1 


— 2-6 


17 


0*19 


0-29 


— 2-0 


*3-6 


I 23 


0-53 


— 0*63 


4-2 


-3-6 


18 


0-35 


0-05 


— 2-3 


2-7 


)24 


078 


— 0*56 


3-2 


— 31 


21 


0-44 


0-20 


— 3-2 


07 


20< 25 


0-95 


— 0-3S 


I'O 


— »-5 


f 22 


0-50 


0-25 


07 


40 


)26 


098 


— o*i8 


— 0-4 


1-2 


3^4 


— 0-13 


0-31 


2-1 


41 


(27 


ri8 


o'o8 


2-2 


O-I 


23< 25 


0-05 


— 0-I7 


5-2 


6-9 


^28 


I-I5 


0-02 


— 4-1 


0-7 


27 


0-30 


— 009 


71 


6-7 


31 


0*91 


— 018 


— 5*3 


.6-4 


(28 
30 


0-72 


0-24 


2-8 

7-0 


0-6 
0-3 


Feb. I 


0-84 


— 0-I3 


— 6-1 


4:5 












3 


0-42 


— 0-30 


-3-8 


17 


July I 


0-86 


0-27 


91 


0-8 


4 


0-68 


O'OI 


— a-3 


i-i 


14 


.. .. 




— 8-2 


37 


6 


0*41 


— 0*19 


4*9 


4-2 


15 


0-72 


O-IO 


-6-4 


2-9 


■7 


0-33 


— 0*05 


— 1-3 


— 3-3 


18 


0-34 


O-II 


0-9 


2-4 


17 


0-40 


— 0-32 


.... 


.... 


19 


0-54 


o*3S 


1-6 


17 


/ 18 


0-28 


— 0-54 


4*4 


"" 37 


21 


0*40 


026 


51 


4-0 


\ '9 


0-35 


— 0-55 


4*4 


— 2-8 


(25 


0-20 


0-03 


51 


4'i 


] 20 


0-52 


— 0-50 


7-6 


2-0 


26 


0-41 


oil 


4*3 


2-1 


21 < 21 


074 


— 0-39 


3*t 


— 0-2 


24<28 


0-70 


0-I7 


4-2 


— 17 


) 22 


075 


■— 0-54 


1-6 


0-6 


)3o 


o-6i 


— 0-33 


8-0 


— 2-3 


( *4- 


ri7 


— 0-25 


— 4*5 


0-8 


(31 


0-93 


— 0-27 


1 0-0 


1*2 


V25 


123 


O'lO 


- 8-5 


— 0-4 












27 


077 


— 0-22 


— 8-2 


3*1 


Aug. I 


113 


— 0-36 


IO-3 


— 0-8 












2 


1-31 


— 0-40 


94 


— 0-2 


Mar. 6 


0-50 


0*27 


2-3 


1-2 


4 


0-95 


— 0-58 


95 


7*1 


8 


0*42 


o-ii 


80 


5-4 


13 


099 


o-i8 


-9-6 


1-6 


21 


o-6o 


-0-38 


0-8 


— 0-3 


{'9 


0-44 


0-62 


6-3 


3*3 


j22 


0-98 
1-33 


0*07 
0*30 


-4-6 
— 1-6 


— 4-1 
1*3 


^Aii 


0-13 

0*02 


0-28, 
0*04 


9-8 
6*5 


7-6 
5-0 - 


22 s ^4 


1-32 


0-17 


-6-9 


— i-i 


(23 


o*o6 


— 0-04 


4*9 


2-4 


^^1 


1-33 


0-14 


— ii-o 


— 3-5 


24 


0-41 


0-19 


5*4 


1-9 


26 


081 


— 0-32 


-9-6 


0-0 


25 


0-51 


o-i6 


7-0 


15 


^7 


.... 


.... 


— 8-4 


2-0 


27 


o-6o 


— 0-23 


61 


— 3'3 


29 


0-39 


— o-io 


— S'o 


2-7 


28 


0-78 


— 0*40 


6-4 


— 43 












30 


0-96 


— 0-96 


7"4 


0-2 


April I 


0-43 


— o"o6 


0-8 


2-8 


31 


1*35 


— 0-66 


57 


2-3 


3 


0-38 


0*20 


1-6 


O-I 












18 


0-57 


0*24 


— 13 


— 1-2' 


Sept. I 


1-25 


— 0-62 


— 2*9 


— 2-8 


19 


0-64 


o-oo 


o-i 


1*9 


12 


0-91 


013 


— 4-4 


0-8 


20 


074 


0-13 


— a-5 


0-8 


13 


0-58 


0-30 


— 1-7 


— 1-3 


21 


079 


O'll 


— 47 


0-9 


14 


0-35 


0*50 






22 


o-8o 


o-o8 


— 95 


21 


(^5 


0*05 


0-43 


2-1 


— o'4 


23 


071 


0'02 


"" g'5 


— 0-9 


16 


— o*33 


0-15 


5-8 


3*8 


24 


o-6i 


0*02 


~8-3 


07 


26^ 18 


— o-i8 


0*27 


57 


51 - 


^5 


0-24 


— 0-27 


-6-9 


13 


21 


— o-io 


— 0*26 


8-2 


4-6 


26 


0-25 


O'lO 


— 8-1 


— 1*5 


(22 


0*34 


o-oi 


7*5 


2-6 


28 


0-27 


0-03 


-3-6 


— 07 


23 


0-47 


0-03 


7-8 


15 












24 


0-67 


018 


7-8 


0-8 


May 5 


0-46 


0-25 


67 


2-5 


25 


0-85 


013 


6-9 


— 0-5 


6 


0-20 


0-I5 


77 


4-1 


30 


1*34 


— 0-35 


— 77 


— 2*1 


7 


Oil 


O'OO 


67 


4-6 












16 


0*96 


— 0*24 






Oct. 2 


1-09 


— 0-04 


— ii-o 


— 10 


i8 


0-41 


— o-i8 


— o-i 


*3-6 




[^5 


— 0-23 


0-14 


5 '4 


38 


19 


0-35 


O'll 


— 3-1 


1-6 


27 < 


^6 


— 0-28 


0-14 


8-0 


77 


22 


0-34 


o-oo 


— S'^ 


2-0 




17 


— 019 


o*37 


51 


6-2 


23 


— 0-09 


— 0-41 


— 7*5 


0-2 


20 


— o*o6 


— 0*10 


7*9 


47 


iS 


0*29 


0-03 


— 32 


2-1 


22 


0-92 


0-07 


7-8 


— 0-5 


27 


.... 


.... 


I'O 


19 


28 


1-22 


— 0-28 


— 7'3 


09 


30 


0-25 


— 0-I5 


3-8 


1-8 


2<J 


1-22 


— 0*23 


—14-0 


-^-20 
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1: 


Comparison of the Diffbrbncss, etc. — Continued. 






iate of Obsn. 


B. A. 


Dec. 


Date of Obsn. 


R. A. 


Dec. 


with 






with 
Greenwich 


' 






.Greenwich 








1 










transit Circle. 


B-0 


A-0 


B — 


A-O 1 


Transit Circle. 


B-O 


A-0 


B-O 


A-O 


1858. 


8. 


S. 


// 


// 


1858. 


8. 


8. 


ff 


u 


Nov. II 


0-52 


0-47 


8-5 


5-4 


Dec. IS 


.. .. 


,, ,, 


12*1 


4*4 


^ '* 


o-i8 


0-24 


6-3 


3-0 


17 


0*96 


0-I3 


8-8 


o*5 


/ '3 

f 28<i4 


— o'o6 


o'04 


7"t 


4*3 


18 


115 


0*04 


77 


03 


.... 


.... 


5-6 


27 


19 


149 


— o*i6 


5'* 


0-2 


15 


O'OI 


o'i8 


8-6 


5-8 


20 




.. .. 


3*5 


3-8 


I? 


— 0-09 


— . o-o8 


87 


4-» 


21 


140 


— 076 


— 5' 


i-i 


i8 


0-45 


0-I3 


94 


2-8 


22 


.. •• 




— 7*9 


1-6 


19 


.... 


.... 


3-6 


-5-6 


(23 


0-88 


O'OO 


— lo-i 


— 09 


20 


0-93 


— 0-5S 


8-5 


— 07 


29^*+ 


0-65 


0-22 


— 91 


— f4 


21 


I-I7 


— o-8o 


4-0 


— 2-4 1 


29^26 


072 


0-24 


—131 


— 4*3 


■ 22 


1-27 


— 073 


13 


0-4 1 


(27 


065 


O'lO 


—11-8 


— 2-6 


23 


I-I7 


— 0*46 


— 57 


2*2 


28 


075 


— o-o8 


— 93 


— 1-3 


26 


0-87 


O'lO 


— 134 


— 37 













The Americans emplby the following equations in the longitude, 
which are given by the Astronomer Royal in vol. xvii. of the Memoir a 
of the Boyal Astronomical Society: 

+ 6"'38 sin. longitude of moon's node, 
— "'97 COS. longitude of moon's node. 
The former coefficient M. de Pont^coulant made 6"* 623 ; the latter 
term is not recognised by theory. Recently, the Astronomer Royal 
has found these coefficients to be 6"'44 and — 1*06 ; the former being 
almost identical with M. de Pont^coulant's value. They also employ 
two other small corrections depending upon the node, taken from the 
Astronomer Royal. 

Of 90 coefficients employed by the Americans in their expression 
for the longitude, 57 are identical with those of M. de Pont^coulant ; 
the remainder of the equations employed by the Americans, with only 
two exceptions, differ very slightly from those of M. de Font^coulant. 

The Americans also employ the following equations in the latitude, 
taken from the Astronomer Royal, p. 56, u being the moon's true 
longitude : 2"-17 cos u — 8"'80 sin u. 

The first of these terms is not required by theory ; the coefficient of 
the latter, according to M. de Pont^coulant, is — 7"'867. Recently, 
the Astronomer Royal has found these coefficients to be r^'93 and 
— 8"59. 

Of 63 coefficients employed by the Americans in their expression 
for the latitude, 29 are identical with those of M. de Pont^coulant; 
the remainder, with four exceptions, differ very slightly from those of 
M. de Pontecoulant. In those four cases, the coefficients they employ 
are certainly erroneous. 

The following are the differences which exist at present between 
M. de Pont^coulant's coefficients in the expression for the longitude 
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and those employed in the American Tables arranged in their order of 

magnitude : 

P. — A. The Americans have taken 

n 
Arg. 





the coefficients from 


27.— 2-6 sin (2r-2J+f,) 


Longstreth. 


5. r4 sin J, 


Aiiy, 1848. 


— -9 sin (4r— 2£— £,) 


Longstreth. 


9._ -6 sin (2r-20 


Plana. 


62.— -6 sin 2n 


Plana. 


2. -5 sin £ 


Airy, 1848. 


6.— -5 sin (2r— £,) 


Plana. 


14.— -4 sin (?-£,) 


Plana. 


15. -3 sin (2r— £+£,) 


Plana. 


39.— -3 sin (2i — 4£) 


Plana. 


77.— -3 sin (2i— 2i,) 


Plana. 


101. — -3 sin T 


Plana. 


132. .3 sin (4r— £) 


Plana. 



Neglecting all, of which the coefl&cient is less than "'3. 

The above, therefore, is the quantity which should be added to the 
longitude of the American tables, in order to obtain the longitude that 
would be given by the coefficients of M. de Pont^coulant, when quan- 
tities under '3" are neglected. 

If we adopt the Astronomer Royal's recent determination of the 
parallactic inequality, viz., 124"*37, we must add to the longitude of 
the American tables, 

— 2"-3 sin r. 

These corrections are so small, that practically the places given by the 
American tables may be considered as identical with those which 
would be given by tables founded upon Pont^coulant's coefficients, and 
therefore as founded upon our theory, with the exception of Hansen's 
two erroneous equations due to the action of Venus. The period of 
' these last is so long, that they may be considered as merely affecting 
the longitude of the epoch ; and the Astronomer Royal's three empiri- 
cal corrections not embraced by theory are so small, as not sensibly to 
affect the result. 

The Americans profess to have employed the Astronomer Royal's 
value of the inclination given in the " Reduction of the Greenwich 
Observations," which is 18535".46 ; the Astronomer Royal's recent 
determination of this quantity,' viz., 18535"'55, is so close to the 
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former, that the difference may be neglected. 

The Americans employ the epochs for which astronomers are 
indebted to the Astronomer Royal, and which were given by him 
in vol. xvii. of the Memoirs of the Royal Astronomical Society. Mr. 
Main has kindly computed for me the following table, at the request 
of my friend the Astronomer Royal. The quantities are for Wash- 
ington, mean noon, Jan. of the years 1801, 1821, 1841, 1861, and 
1881. 



Epoch of Longitude. 


Epoch of Mean Anomaly. 


Arg. of Latitude. 


Damoiseau corrected 
by Airy. 


A.mcrican 
Tablea. 


Damoiseau corrected 
by Airy. 


American 
Tables. 


Damoiseau corrected 
by Airy. 


American 
Tables. 


107 55 40-3 

241 30 20-5 

15 5 06 

148 39 408 

282 14 20'9 


405 

207 

0-9 

4I-I 

21-3 


/ // 

201 50 492 
241 36 41-9 
281 22 34*6 
321 8 276 
54 20-O 


492 

41-9 
34-6 
27-6 
20 •© 


91 59 45» 
254 24 4-4 

54 48 23*4 

215 12 427 

15 37 1-6 


47*9 

7-0 

261 

45*» 

4*3 



The Astronomer Royal has kindly furnished me with the following 
epoch of mean longitude, which I think it desirable to place on rec ord. 

Correction for 1806 = 0"'00 

Correction for 50 years = 50 x +"-596 = 29"-80 

Correction for 1856 = 29"-80 

(in centesimals) = 9r''97 

Damoiseau's epoch for 1856... r= 221 18 06*8 
Corrected epoch for 1856 = 221 18 988 

O t M 

(in sexagesimals) = 199 4 15*2 

The following Table is intended to convert the differences contained 
in Table IV. of Right Ascension and Declination into differences of 
Longitude and Latitude. 

The Astronomer Royal has given a very extended Table for 
converting errors of Right Ascension and North Polar distance into 
errors of Longitude and Ecliptic Polar distance in the appendix to 
vol. of the Greenwich observations for 1836. This Table extends 
over nearly fifty 4to. pages, and is carried to *001. The Table in the 
next page, calculated by Mr. Farley, will be found sufficient for con- 
verting small differences of R. A. and Dec. into the corresponding 
differences of Longitude and Latitude for bodies moving in or near 
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the ecliptic when only tenths of seconds of space are retained. 
In the Table of the Astronomer Royal, the R. A. is supposed to be 
given in time, the numbers in the two first columns of Table V. are 
the same as his P. and R. divided by 1*5. 

, The numbers in the first column are the only ones which vary 
sensibly for 5° of Latitude, and the small correction to be applied 
is as follows :— - 





Correction of first 






Correction of first 




R.A. 


coL of Table V. for 


R.A. 


R.A. 


col. of Table V. for 


RA. 


5^ Lat. N. 


5«Lat. S. 


5» Lat. N. 


5« Lat. S. 


o 


// 


II 








// 


u 





O 











180 ^ 








180 


30 


'2 


+ •* 


30 


210 


+ •* 


'2 


210 


60 


— 3 


+ -3 


60 


240 


+ -3 


— -3 


240 


90 


— • '3 


+ -3 


90 


270 


+ -3 


— -3 


270 


120 


— -3 


+ -3 


120 


300 


+ -3 


— '3 


300 


150 


— -2 


+ -2 


150 


330 


+ •* 


'2 


330 


180 








180 


360 


'O 


360 



The Table reads thus ; required the change of Longitude corre- 
sponding to + 13" of R. A., the Moon's R. A. being 60°, and Latitude 
5° N. 

Table V. gives + 92 for 10 of R. A. 
From above — '3 



+ 8-9 



The change of Longitude for +13 of R. A. is therefore 

13 
+ 8-9xj^= + ll'57 
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TABLE V. 
Changb of Moon's Longitvdb and Latitude, caused 

BT A CHANGE OF + lO'^ IN RiGHT ASCBN. AND DeCLIN. 
(Assuming her to move in the Ecliptic), 





+ 10" in Right Ascen. 


4-10" in Declination. 




R.A. 










B.A. 


Long. 


lAt. 


Long. 


Lat. 


o 


ff 


// 


// 


If 





O 


+ 9** 


— 4-0 


4- 4-0 


+ 9-* 





lO 


+ 9-* 


— 3*9 


4- 4-0 


+ 9'* 


10 


20 


+ 9.i 


— 37 


+ 3-8 


+ 93 


20 


30 


+ 9*^ 


— 3*4 


+ 3-5 


+ 9'4 


30 


40 


+ 9.* 


— 3-0 


4- 3-1 


+ 9-5 


40 


50 


+ 9.2 


— 1-5 


4- 2-6 


+ 97 


50 


60 


+ 9-* 


— 19 


4- a-o 


+ 9-8 


60 


70 


+ 9'^ 


— 1*3 


+ 1-4 


+ 9-9 


70 


80 


+ 9.2 


— 07 


H- 07 


+ I0'0 


80 


90 


+ 9-* 


o*o 


CO 


-i-io'o 


90 


100 


4- 92 


+ 07 


— 07 


-i-io'o 


100 


no 


+ 9» 


4- 1-3 


— 1*4 


+ 9'9 


no 


120 


+ 9** 


4- 1-9 


2-0 


+ 9-8 


120 


130 


+ 9'^ 


+ ^•5 


— 2-6 


+ 97 


130 


140 


+ 9-* 


+ 3-0 


— 31 


+ 9-5 


140 


150 


+ 9** 


+ 3-4 


— 3*5 


+ 9-4 


150 


160 


+ 9"^ 


+ 37 


— 3'8 


+ 9-3 


160 


170 


+ 9'^ 


+ 3-9 


— 4-0 


+ 9-2 


.170 


180 


+ 9'» 


4- 4'o 


— 4-0 


+ 9-» 


180 


190 


+ 9*i 


+ 3-9 


— 4-0 


• + 9-» 


190 


200 


+ 9'^ 


+ S7 


-3-8 


+ 9-3 


200 


210 


4- 9-i 


+ 3-4 


— 3*5 


+ 9-4 


210 


220 


+ 9'^ 


4- 3-0 


— 31 


+ 9-S 


220 


230 


4- 9-^ 


+ 2-5 


— 2-6 


+ 97 


230 


240 


4- 9-* 


4- 1-9 


2'0 


+ 9-8 


240 


250 


+ 9** 


+ 1-3 


— 1*4 


+ 99 


250 


260 


4- 9-* 


+ 0-7 


— 07 


+ io*o 


260 


270 


4- 9*2 


o-o 


O'O 


-j-io'O 


270 


280 


4- 92 


— 07 


H- 07 


+ io*o 


280 


290 


4- 9-» 


— 1*3 


4- 1-4 


+ 99 


290 


300 


+ 9** 


— 1*9 


4- 2-0 


+ 9-8 


300 


310 


4- 9-* 


— a*5 


4- 2-6 


+ 97 


310 


320 


4- 9'^ 


— 3-0 


+ 3-1 


+ 9-5 


320 


330 


4- 9*^ 


— 3-4 


+ 3*5 


+ 94 


330 


340 


4- 9*3t 


— 37 


4- 3-8 


+ 9-3 


340 


350 


4- 9** 


— 3'9 


4- 4-0 


+ 9» 


350 


360 


4- 9-^ 


— 4-0 


4- 4-0 


+ 9-* 


360 



Example of thb Use of the aboyb Table: 
Suppose the Moon in about Eight Ascension 313^°, required the change of 
Longitude and Latitude corresponding to 4- 1 s"'^S of Right Ascension, and — 5"'o5 
of Declination. 

o For Longitude. 

Opposite 31 3 J in col. 2 is +9"*2 for -\-io" of R. A., hence for -\-is"'^Si +i4"*40 
ff 1/ 4 // 4-i '37 'f 'f Dec, » — 5 '05 — i -40 



For Latitude, 



4-13 -o 



Opposite 313) in col. 3 is — 2"-67 for 4- 10" of R. A., hence for 4-i5"*65, — 4"*i8 
w tt $ If 4-9 '63 ff 9 Dec, n — 5 '05 — 4 '86 



-9-0 



4-13" and — 9" agrees with the conyerse operation in following page. 
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TABLE VI. 

Chanob of Moon's Right Ascension and Declination, 

CAUSED BY A CHANGE OF + lo" IN LoNG. AND LaT. 
(Assnming her to move in the Ecliptic), 





+ 10" in Long. 


+ 10" 


in Lat. 




Long. 










Long. 












R.A. 


Dec. 


R.A, 


Dec. 




o 


» 


// 


// 


H 





o 


+ 9-» 


4- 4-0 


— 4'o 


+ 9-' 





lO 


+ 9-» 


+ 3-9 


— 4-0 


4- 9'^ 


10 


20 


4- 9*4 


+ 3-8 


— 3*9 


+ 9-3 


20 


30 


+ 9-6 


+ 3-5 


— 3*6 


■f 9*4 


30 


40 


+ 9-8 


+ 3*2 


"" 3'3 , 


+ 9-5 


40 


SP 


+ IO-I 


+ 47 


— 2-8 


4- 9*6 


50 


60 


+ IO-4 


4- 21 


— a*3 


+ 97 


60 


70 


+ 107 


+ 1-5 


— 1-6 


4- 9-8 


70 


80 


4-10-9 


-f 0-8 


— 08 


+ 9'9 


80 


90 


4-10-9 


o-o 


O'O 


+ I0-0 


90 


100 


4-10-9 


— 0-8 


4- 0-8 


+ 9*9 


100 


no 


+ IO-7 


— 1*5 


+ 1-6 


+ 9-8 


no 


120 


4-IO-4 


— 2-1 


+ 2-3 


+ 97 


120 


130 


4-IO-I 


— 2-7 


4- 2-8 


4- 9-6 


130 


140 


+ 9*8 


— 3-2 


+ 3-3 


+ 9-5 


140 


150 


4- 9*6 


— 3-5 


+ 3-6 


+ 9-4 


150 


160 


+ 9*4 


- 3-8 


■f 3*9 


■f 9-3 


160 


170 


+ 9'» 


— 3*9 


+ 4'o 


4- 9-* 


170 


180 


+ 9-i 


— 4-0 


+ 4-0 


+ 9-1 


180 


190 


4- 9-2 


— 3*9 


+ 4-0 


4- 9'i 


190 


200 


+ 9-4 


-3-8 


+ 3-9 


+ 9-3 


200 


210 


4. 9-6 


— 3*5 


4. 3-6 


+ 9-4 


210 


220 


4- 9-8 


— 32 


+ 3-3 


+ 9*5 


220 


230 


+ IO-I 


— 2*7 


4- 2-8 


4- 9-6 


230 


240 


4-IO-4 


2-1 


+ 2-3 


+ 9-7 


240 


X 


4-10-7 


— IS 


4- 1-6 


4- 9*8 


250 


+ 10-9 


— 08 


4- 0-8 


+ 9*9 


260 


270 


+ 10-9 


0-0 


o-o 


-f lo-o 


270 


280 


4-10-9 


+ 0-8 


— 0-8 


+ 9*9 


280 


290 


+ 10-7 


+ 1-5 


— 1-6 


+ 9*8 


290 


300 


4-10-4 


+ 2-1 


— 2-3 


+ 9*7 


300 


310 


+ IO-I 


+ 2-7 


— 2-8 


+ 9*6 


310 


320 


+ 9-8 


+ 3'2 


— 3-3 


+ 9*5 


320 


330 


4- 9*6 


+ 3-5 


-3-6 


+ 9-4 


330 


340 


+ 9-4 


+ 3-8 


— 3*9 


+ 9*3 


340 


350 


4- 9-» 


+ 3-9 


— 40 


■f ^'^ 


350 


360 


+ 9-* 


+ 4*o 


— 4-0 


+ 9-1 


360 



Example of the Use of the above Table: 
Suppose the Moon in about Longitude 311°, required the change of Bight Ascen- 
sion and Declination corresponding to 4-13'' of Longitude and — 9" of Latitude. 
For Right Ascension, 
Opposite 311** in col. 2 is -}-io"*o7 for +10" of long., hence for 4-i3,"4-i3"'o9 
If u i/ 4 // — 2 '85 // It lat, n // — 9, -j- 2 -56 



Tor Declination, 



+15 -65 



Opposite 311° in coL 3 is +2"-75 for 4-10" of long., hence for +13", -}- 3"-58 
» If If $ u -j-9 •59 // u lat., II // — 9, — 8 -63 



For the converse operation, see preceding page. 
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The Americans use the following valnes of the constants derived, 
for the mean noon of Washington of the date 1801, Jan. 0, from the 
values obtained hy Airy in his Memoir upon the Correctiona of the 
JSlements of the Moon's Orbit, published in the Memoir a of the Royal 
Astronormcal Society, vol. xvii., and from Bessel's Tables of the sun : 



Moon's mean long. . 107 55 40*5 
Long, of moon's perigee *266 4 51*3 
Sun's mean long. . . 279 52 44*3 
Long, of sun's perigee . 279 31 10*4 
Long, of moon's node . 13 55 52*6 



Daily motion. 

13 10 35*0281 or 13*176397 

6 410578 '111405 

59 8*3300 -985647 

•16947 -000047 

— 3 10*63366 —-052954 



Washington being 5h. 8m, 12s. W. of Greenwich, the time from 
Washington noon of Jan. to Greenwich noon of Jan. 1, is 18h. 51m. 
48s.y or '785972 : this gives for Greenwich mean noon, Jan. 1, 1801, 
and throwmg out the even circumferences. 



Moon's mean long. 
Long, of moon's perigee 
Sun's mean long. . 
Long, of sun's perigee . 
Long, of moon's node . 



118 17 3*1 or 118*2841 
266 10 6*5 266* 1684 
280 39 13*2 280*6603 
279 31 10*5 279*3050 
13 53 22*8 13*8896 



Motion o 

in 20453 days is 216*8478 
„ 118*5664 

„ 359*4381 

„ -9612 

,, 3*0682 



Hence for Greenwich, 1857, Jan. 0, 



Moon's mean long. 
Long, of moon's perigee. 
Sun's mean long. , 
Long, of sun's perigee . 
Long, of moon's node . 

With these quantities, Mr. 


335*1319 r = 55*0335 

24*7348 I =310*3971 

2800984 f, =359*6176 

280-4808 If = 324*3105 

10-8214 

Farley constructed the following tables. 



* Misprinted in the American Tables, 166*. 



( xviii ) 
TABLE VII. 

LONGITUDB ArGUMBNTS, ETC. 



Lubbock. 


Epoch, 
M. Noon at Gh. 


Age. 


Period. 


DaayMoUon. 






No. 


Argrument. 


Jan. 0, 1857. 








I 


ar 


llo'o6 


d. 
451 


d. 
14-7653 


0^ 
24-381500 


2 


5 


310-39 


2376 


27-5546 


13064992 


3 


ar-l , 


159-67 


1411 


31*8119 


11-316508 


4 


ar+5 


60*46 


I -61 


9-6137 


37446492 


5 


«, 


359-62 


364-87 


365-2598 


0985600 


6 


ar-4. 


1 10-45 


4-72 


15*3873 


23-395900 


7 


ar+5. 


109-68 


4-32 


14-1916 


25-367100 


8 


al 


260-79 


998 


13-7773 


26*129984 


9 


ar— aC 


209-27 


86-20 


205-8927 


— 1-748484 


lO 


ar+a? 


10-86 


0-22 


7-1271 


50-511484 


II 


^-^l . 


310*01 


2206 


25-6217 


14-050592 


12 


ar-^-l. 


160-05 


«S'49 


34-8469 


10-330908 


'3 


3rH-^+5, 


60-08 


1-56 


9-3672 


38-43*09* 


H 


«-^. 


31078 


*573 


29-8028 


12-079392 


IS 


^r-K-\-l 


159-29 


12-95 


29-2633 


12-302108 


i6 


^r-\-K-l 


60-85 


1-67 


98736 


36-460892 


17 


^. 


359*4 


182-24 


182-6299 


I -97 1 200 


ig 


2r— 2^, 


110-83 


495 


16-0640 


22-410300 


19 


ar+a?. 


109-30 


4-15 


13-6608 


26-352700 


20 


35 


211-19 


5*39 


9-1848 


39194976 


21 


ar— 3? 


258-88 


683 


24-3022 


— 14*813476 


22 


arH-3« 


321-26 


5-05 


5-6625 


63*576476 


»3 


2«+5. 


260-41 


9-60 


13-2765 


27-115584 


H 


ar-a5-|. 


209-66 


5499 


131-6712 


— 2-734084 


26 


a5-l. 


261-18 


10-39 


14*3173 


25-144.384 


27 


ar-a4+5. 


208-89 


198-06 


471-8934 


— 0-762884 


2g 


ar+2?-4. 


11-24 


0-23 


7-2689 


49-525884 


29 


l+al. 


309-63 


20-59 


23-9422 


15-036192 


30 


2r-|-a5, 


160-43 


17-17 


38-5220 


9-345308 


32 


?-a5. 


311-16 


28-05 


32-4506 


11-093792 


33 


ar-«+a?. 


158-91 


11-96 


27-0927 


13-287708 


34 


ar+5-a«. 


61-23 


173 


10-1479 


35-475292 


38 


4^ 


161-59 


3-09 


6-8886 


52-259968 


39 


ar-45 


308-48 


1-85 


12-9132 


— 27-878468 


41 


3^+?. 


210-81 


5*5 


8-9596 


40-180576 


42 


ar-3«-4. 


259-26 


6-38 


22-7861 


— 15-799076 


44 


3«-5. . 


211-57 


5*54 


9-4218 


38-209376 


45 


ar— 2?— 2I, 


258-49 


7*34 


26-0344 


— 13-827876 


48 


210-04 


40-32 


967824 


— 3*719684 


62 


ai; 


28862 


10-91 


13-6061 


26-458702 


63 


ar— 2)/ 


181-45 


85-96 


173-3101 


— 2-077202 


64 


ar+ai/ 


38-69 


0-76 


70810 


50-840202 


65 


5— ai; 


21-78 


2525 


268783 


- 13-393710 


66 


5+217 


239-02 


6-05 


9-1085 


39*5*3694 


67 


ar— 5— aij 


23105 


8-52 


23-7746 


— 15*14*194 


68 


ar— 5+ai| 


88-29 


*-34 


9-5301 


37-775210 


69 


3r+$-ai| 


131-84 


12-00 


32-7636 


10-987790 


70 


3r+«+2i| 


349-09 


5-46 


56333 


63-905194 



( ^x ) 

LoNGiTCDB AHauuBNTS. BCT. — Coutimud. 



Lubbock. 


Epoch, 
M.NoonafcGh. 




Period. 


Daily Motion. 






Age. 


No. 


Aliment. 


Jan. 0, 1867. 








71 


f'T"^ 



71-00 


d. 
11*34 


d. 
14-1315 


— 25*473102 


7a 


5.+ai| 


288-24 


10-50 


13-1175 


27-444301 


73 


2r— ?,— 2i| 


181-83 


58-17 


"7'5394 


— 3*062802 


74 


2r— |,+2Jy 


39-07 


0-78 


7-2210 


49*854602 


75 


2r+?,-2J| 


181-06 


163-92 


329-7912 


— 1*091602 


77 


2?— 21J 


332-17 


8466 


1095*1638 


— 0*328718 


78 


2^+2,? 


18942 


3-6i 


6-8455 


52*588686 


79 


2r— 2^— 2»y 


280-65 


2-81 


12-7627 


— 28-207186 


80 


2r-2^4-2i? 


137-89 


5-58 


14-5689 


24-710218 


81 


2r+ 2^—211 


8224 


342 


14-9671 


24-052782 


83 


5+5-212 


21-39 


27-29 


29-0133 


— 12-408110 


84 


l+5,+ 2l, 


238-64 


589 


8-8869 


40-509294 


89 


5-5-21, 


22*16 


2349 


25-0350 


— H-3793»o 


90 


5-5,+2l| 


239-40 


6-21 


9-3414 


38-538094 


lOI 


r 


55-03 


4-51 


29-5306 


12-190750 


loa 


r-5 


104-63 


292*10 


411-7853 




103 


r+5 


5*43 


0-22 


14-2542 


25-255742 


104 


r-5. 


55'4» 


4-95 


32-1281 


11-205150 


105 


^+^v 


54-65 


4-15 


27-3217 


13176350 


106 


r-25 


154-24 


14-76 


25-8264 


— 13-939234 


107 


r+25 


315-83 


8-24 


9-3944 


38-320734 


108 


r-5-5. 


105-02 


137-10 


193-5648 


— 1-859842 


109 


r+5+5. 


5-05 


0*19 


13-7188 


26-241342 


no 


r-5H-5, 


104-25 


936*23 


3233-0260 


0-111358 


116 


IT 


165-10 


4-51 


98435 


36-572250 


117 


3r-5 


214-70 


9-13 


«5-3i44 


23-507258 


118 


3r+5 


115-50 


2-33 


7-2526 


49-637242 


121 


s^— 25 


264-31 


15-31 


34-4751 


10-44.2266 


125 


3r-5+5, 


214-32 


8-75 


146982 


24-492858 


131 


4r 


220*13 


4-51 


7-3826 


48-763000 


132 


4r-5 


269-74 


7-56 


10*0846 


35-698008 


133 


4rH-5 ' 


170-53 


2-76 


5-8226 


61-827992 


134 


4r-5, 


220-52 


462 


7*5349 


47-777400 


135 


4r+5, 


219-75 


4-42 


7-2364 


49*748600 


136 


4'-— 25 


319-34 


14-11 


159059 


22-633016 


137 


4r+25 


120-93 


1-61 


48069 


74-892984 


138 


4r-5-5, 


270*12 


7-78 


10-3709 


34-712408 


140 


4r-5H-5. 


269*35 


7-34 


9-8136 


36683608 




5-41? 


93*16 


6*70 


90333 


— 39-852411 




4r— 35 


8*94 


o*93 


37-6253 


9*568024 




4r-25-5, 


319*72 


H-77 


16-6302 


21*647416 




4r-25+5, 


318*96 


13-50 


15-2422 


23*618616 




4r-2i? 


291*51 


13*07 


16-1404 


22*304298 




4r-5-2i| 


341*12 


36-92 


38-9640 


9*239306 




4r4-5-2i| 


241*91 


684 


10-1783 


35*369290 




6r-5 


19*80 


0-33 


5-9921 


60-079508 




6r-25 


69*41 


1-48 


7*6572 


47014516 



(XX) 

TABLE VIII. 
Latitudb Aroumxnts, ktc. 



Labbock. 


Epoch, 

M. Noon at Oh. 

Jan. 0,1867. 


Age. 


Period. 


Daily Motion. 


No. 


AxgKimvtii, 


146 

\% 

149 

150 

151 


n 

ar— 5— 1| 


324-31 
145-76 

74-38 
34609 
274-71 
195-36 


d. 
24-51 

13-07 
1*98 

8463 
10*45 
86-07 


d. 

27*2122 
32-2808 

9*5717 

2190*3271 

13*6912 

188*2015 


13**229351 
11*152149 
37*610851 

— 0*164359 

26*294343 

— 1912843 


152 
153 
«54 

156 
157 


ar-5H-j| 
ar— ?,— If 


123-98 
96-15 
24*77 

35-31 
32393 

146*14 


5*05 

3'97 

0*49 

26-52 

22-79 

14-37 


14-6664 

14-8655 

7*1040 

29*4028 

a5-3i54 
35*4103 


24-545859 
24*117141 
50*675843 
— 12*243751 
14-214951 
10-166549 


158 

160 
161 
162 
163 


ar+l-n 
a5-i| 
ar— a|-i| 


74*76 
145-37 

296*48 
225*10 
24496 


2*04 
11-98 

1-92 
22*98 

5*72 

7*68 


9*8293 
29*6595 

9-3273 
27-9056 

9-1465 
14*0355 


36*625251 

12*137749 
38*596451 
12*900633 
39*359335 
— 14-977835 


164 

167 
168 
169 


ar— a5H-i| 
ar+a|— f| 
ar4-a?+f| 

ar-5-5-1, 


173-58 
46-55 
335*17 
345-70 
272-32 
195-74 


15-12 

5*26 

42095 

10*06 

56*67 


9*6561 

5*6479 

438-3610 

13-1965 

124*2046 


11*480867 
37*282133 
63-740835 
0*821241 
27*279943 
— 2*898443 


170 
171 
173 
174 

176 


ar-f-5,+,7 

ar-C+l-i| 

ar-«+?,+j| 


124-36 
95-77 
346-47 
275-09 
194-98 
123-60 


5-28 

3*8o 
11*77 
10-87 

'Til 


15*2799 
14-2842 

313*0545 
14-2243 

388*2477 
14*1003 


23*560259 
25*202741 

— I-I49959 
25*308743 

— 0*927243 
i5*53H59 


177 
178 

179 

180 

181 

: 182 


ar+5-^-i2 
ar+5-?,+i, 

ar-a|-9 
ar— a5,+ij 


96-52 

25-16 

34-93 

313-55 

146-52 

75-14 


4-i6 

0*51 

28*87 

21*29 

15-96 

2-1 1 


15-4962 

7-1449 
31*9768 
23*6834 
39-2116 

lO'IOll 


23*231541 
49-690243 
— 11*258151 
15*200551 
9*180949 
35-639651 


185 
186 

195 
196 


ar+a|,-n 

35+11 
31 


144..99 
90-72 

175-50 
25293 


11-05 

259-27 

0*76 

9*51 

3-35 
6*37 


27-4320 

346*6202 

14*1620 

13-8645 
6*8670 
9-0707 


13*123349 
— 1-038601 
25*420101 
25*965625 
52*424327 
39*688053 




ar- 35-11 

ar-35+1 

ar-311 

3r4-3»l 

ar-5-311 


57-46 
»94-57 
223-19 
217-14 

266*^ 


11.36 

9*33 

005 
329 


13-5221 

12-8375 

227-2548 

Vein 

126887 


— 26*623061 
~ 28*042827 

— 1-584115 

— 15-306553 
64-069553 

— 18371545 



( «i) 

Latitude Argumvnts, btc. — Continued. 



Lubbock. 


Epoch, 

M. Noon at Qh. 

Jan. 0,1857. 


Ago. 


Period. 


Daily Motion. 


No. 


Ai-groment. 


187 
188 
189 
190 
193 


eir+«-3»f 


167*53 

41*12 

3*9-74 

9034 


d. 

85*86 

15-57 

5-58 

3*42 

8*57 
508*78 


d. 

160*6024 

a5-5a54 

29*1377 

29*9342 

9-3543 
6792*3230 


— 2*241561 

— H-I03593 
12*355109 
12*026391 
38*485093 

-^ 0*053001 


194 
201 
202 
207 
208 
241 


4r-i| 


18*96 
296*10 

2247* 
29687 
225*49 
255*82 


0*72 

21*32 

5-57 
2492 

5*88 
7*20 


13*6334 

25*9449 
8*9230 

30*2139 
9*3814 

10*1312 


26*405701 
13*886233 

40-344935 
11*915033 

38-373735 
35-533649 


242 
243 
244 
246 


4r+»l 
4r— 4— 1? 
4r-^+i| 
4r>^-.| 
4r-a?-if 
4r— 25+f| 


184-44 
30543 
234*05 
256*21 

355-03 
283*65 


298 

13-59 
478 
7*42 

37*35 
7*91 


5*8072 
16*0223 

7-3578 
10*4203 
38*2830 
10*0384 


61*992351 
22*468657 
48*927359 
34*548049 
9*403665 
35862367 




4r-^-?-»y 
4r-H-^-iy 
4r~3'l 


305*81 
30504 
327*20 


14*23 
13*01 
3606 


16*7574 
15*3490 
396697 


21*483057 

43-454257 
9*074947 



( xxii ) 
TABLE IX. 



LONGITUDE. 


LATITUDE. 


«4-l 


Date. 






A-O 












A-0 




o 




a 


h 


/ 


«+/ 


h^l 


/« 


(«+0» 


(6+0' 


/' 


/'« 




1866. 
























d 


11 


II 


ti 


H 


u 








V 




I 


Jan. 13-98 


0-4 


— 0-6 


1*4 


1-8 


0-8 


1-96 


3-24 


0-64 


2-1 


4-41 


2 


Feb. 1534 


1*4 


— 07 


— 1-2 


0-2 


— 19 


1-44 


0-04 


3-61 


— 17 


289 


3 


Mar. 2 3 24 


2-0 


— 0-6 


— 2-6 


— 0-6 


— 3-2 


6-76 


0-36 


10-24 


— 0-2 


0-04 


4 


April 13-31 


2-0 


— o*5 


i-o 


30 


0-5 


i-oo 


9-00 


0-25 


— 1-4 


1-96 


5 


May 19-71 


1-3 


0'2 


— 1-2 


O-I 


— 1*4 


1.44 


o-oi 


1-96 


1*5 


225 


6 


Jane 12*83 


07 


O'O 


41 


4-8 


41 


i6-8i 


23-04 


1 6-8 1 


- 1-4 


1-96 


7 


Aug. 13-93 


— 1*3 


°*5 


— 0-7 


2-0 


— 0-2 


0-49 


4-00 


0-04 


1-9 


3-61 


8 


Sept. 14-77 


"" '*? 


0-6 


— 1-2 


— 3'i 


— 0-6 


1.44 


961 


0-36 


— o-i 


o-oi 


9 


Dec. 16-17 
1857. 


— 06 


0-4 


1*4 


0-8 


1-8 


1-96 


0*64 


3-24 


1-8 


3-24 


lO 


Jan. 14*46 


0-4 


0-2 


0-0 


0-4 


0-2 


000 


o*i6 


0*04 


1*3 


1-69 


II 


Mar. 16-70 


»*9 


— 0-3 


— 3*3 


— 1*4 


-3-6 


10-89 


1-96 


12-96 


27 


7-29 


12 


May 11-18 


1-6 


— 0-6 


— 3-1 


— 1-5 


— 37 


9-61 


2-25 


13-69 


2-4 


576 


13 


June 14-28 


0-6 


— 07 


— 17 


— 1*1 


— 1-4 


2-89 


I-2I 


5-76 


3-0 


900 


H 


July 9-60 


— o'3 


— 0-6 


— 0-8 


— I'l 


— 1*4 


064 


I-2I 


1*96 


2-0 


4-00 


15 


Aug. 30-35 


— 1-8 


— 0-3 


31 


1*3 


2-8 


9-61 


1-69 


7-84 


4'i 


i6-8i 


i6 


Sept. 2988 


— 2-0 


o-o 


2-8 


0-8 


2-8 


7-84 


064 


7-84 


47 


22-09 


17 


Oct. 28-34 


— 1-8 


02 


0-4 


— 1-4 


0-6 


o-i6 


1-96 


0-36 


4*9 


24-01 


i8 


Nov. 28-91 


— I'D 


0-4 


1-3 


0-3 


17 


1-69 


0-09 


2-89 


i'4 


1-96 


'9 


Dec. 29-46 
1858. 


— O'l 


0-6 


i-o 


0-9 


1-6 


i-oo 


o'8i 


2-56 


0-3 


0*09 


20 


Jan. 25-36 


0-9 


0-7 


— 4*4 


— 3-5 


- 37 


19-36 


I2'25 


13-69 


- 1*4 


.•96 


21 


Feb. 21-58 


1-6 


0-6 


— 57 


— 41 


-51 


32-49 


i6-8i 


26-01 


O-I 


O-OI 


22 


Mar. 23-83 


2-0 


0-5 


2-7 


47 


32 


729 


22-09 


10-24 


— 1-2 


,•44 


23 


June 25-69 


0-3 


— 0-3 


0-2 


o-i 


— 0-5 


0-04 


o*oi 


0-25 


"^'5 


20-25 


24 


July 28 60 


-0-9 


— 0-5 


— 0-7 


— 1-6 


— 1-2 


0-49 


2-56 


,.44 


06 


0-36 


25 


Aug. 21-42 


— 1-6 


— 0-6 


4-0 


a-4 


3*t 


i6-oo 


576 


11*56 


3'9 


15-21 


26 


Sept. 18-77 


2-0 


— 0-7 


2-3 


0-3 


1-6 


529 


0-09 


256 


a-5 


6-25 


27 


Oct. 16-30 


2-0 


— 0-6 


47 


2-7 


41 


22-09 


7-29 


i6-8i 


4*5 


20*25 


28 


Nov. 14-54 


— 1*4 


— 0-5 


2-3 


0-9 


1-8 


529 


o-8i 


3-24 


3-5 


12*25 


29 


Dec. 25-72 
29) 


— 0-3 


— 0-2 


2-2 


1-9 


2-0 


4-84 


3-61 


4-00 


- r6 


256 


- 1-9 


-3-8 


7*9 


6-0 


4*1 


190-81 


133-20 


182-85 


447 


193-61 


— 0.1 


— o-i 


0-3 


02 


o*i 


6-58 


459 


6*30 


1*5 


6-68 



a =s 2"-o sin |^ 



6=-."7 8in(2r-»|-ff,) 



( xxiii ) 

TABLE X. 
Comparison of thr Diffkrsncrs from Observation of Moon's Places, as 

INDICATED BT HaNSBN's TaBLES AND THE AMERICAN TaBLES. 



Date of Oban. 


Lonff. 


Lat. 


Date of Obsn. 


Long. 


r-t. 1 


with 










with 
Greenwich 










Greenwich 
















Transit Circle 


H-0 


A-O 


H— 


A-O 


Transit Circle. 


H-O 


A-O 


H-O 


A-O 


1856. 


« 


If 


u 


If ^ 


1856. 


// 


u 


v 


u 


Jan. 12 


" 3-5 


01 


0-6 


2-4" 


July 16 


o'3 


- O'S 


1*5 


3'6 


13 


- 1-8 


»5 


00 


17 


17 


07 


0-4 


— 2'0 


o'6 


14 


o-o 


3*5 


05 


2-2 


18 


17 


I '2 


- 0'3 


2*0 


'5 


— 2*1 


- 0-6 


l-i 


2-6 


22 


2*1 


- 91 


- 1-4 


- »'4 


iS 


- 26 


- 62 


0-3 


— o*i 


»S 


2'2 


- 97 


0-6 


o'8 


»9 


- 1-6 


- 4'* 


1-6 


0*2 












44 


O'l 


3*3 


— 2*2 


r6 


Aug. 5 


- r6 


3*3 


0'8 


3*4 


»5 


— o*i 


»7 


- 1-6 


o*i 


6 


-^ 4'2 


O'S 


o'8 


3| 


»7 


— 2-0 


— 0'2 


— 2*1 


I'O 


7 


- 3-0 


2*9 


- 23 


o'6 


ftS 


- 0-6 


I'l 


- 17 


«•* 


10 


- 4'3 


3'3 


- o'7 


O'S 


* »9 


— i-o 


o'6 


— 1*1 


OS 


12 


- 4-6 


I'2 


o'4 


2'3 












'3 


— 4'o 


— 0-2 


0'2 


2'2 


Feb. 14 


— !•! 


0-5 


0*3 


0-6 


14 


- i'8 


— 2'0 


O'O 


2'2 


15 


— 1*2 


- 1*9 


- 0-8 


— 2*9 


15 


07 


- 17 


— O'l 


1-5 


16 


0-3 


- 17 


1*2 


- 1-6 


22 


S"i 


- S-8 


1*4 


1*4 


»4 


— 0-8 


1-6 


— 2*5 


07 












*5 


- 2-8 


— 0-2 


— 1-4 


21 


Sept. 12 


- 1-8 


O'l 


— i*o 


*'4 


26 


— 2*2 


07 


- 08 


2*S 


14 


O'S 


- 4-0 


- o'4 


O'O 












IS 


»*3 


- 2-6 


O'l 


— I'O 


Mar. 13 


- 5-0 


o*i 


0-8 


— 1*0 


16 


4*4 


2-0 


02 


" '.** 


14 


- 2-3 


J*3 


0-2 


— 2*1 


18 


31 


3*6 


— O'l 




22 


- 0-8 


- 27 


- 0-4 


1-2 


19 


7-4 


^'^ 


- o'3 


— o'6 


26 


" 5*2 


- 42 


- 27 


— 01 


21 


5*3 


- 25 


— I'l 


- o'6 


»8 


- 08 


- «-3 


0-5 


2*2 


23 


32 


- 0-5 


- 1-6 


- 1-6 


*9 


- >7 


- 8-0 


06 


2' I 






















Oct. 12 


-4-8 


- 4'3 


O'S 


- o'9 


April 9 

12 

^ 13 


- 3-0 


- 3*5 


- 2-8 


- S« 


13 


— 1-2 


- 3** 


- o'4 


I'l 


— 2'0 


3*3 


10 


- o'S 


16 


37 


lO'O 


I '2 


- 1*3 


- 27 


3*4 


1-5 


o*o 


21 


7-8 


2'9 


1*2 


17 


15 


- 18 


3'4 


2-8 


08 












16 


- 67 


- 2-8 


o-o 


- 1*9 


Nov. 4 


- 4'5 


- 2-3 


o'4 


2'9 


20 


— 2*9 


- 3*9 


- IS 


0-6 


6 


- a*4 


- 27 


- '-3 


o'6 


21 


— 3*8 


^ 6-2 


— 2*2 


O'S 


8 


- 47 


- 4-8 


- 17 


2'0 


22 


- 0-9 


-4-6 


- i'3 


2-1 


to 


- 43 


- 37 


15 


33 


»7 


- 3*9 


— lO'I 


i*o 


1*3 


II 


- 33 


— 2-6 


0'2 


o'8 












14 


2 1 


S*o 


— O'l 


o-i 


Maj 10 


- 07 


3-8 


2'0 


1*4 


15 


1*3 


39 


— 2'0 


- 1-4 


II 


- 37 


3-6 


07 


02 


16 


4-9 


60 


- 2*3 


- 0'7 


13 


- 3*» 


5*? 


07 


- 07 












14 


— 27 


66 


- 07 


- 24 


Bee. 2 


- *7 


- o'7 


1-6 


- 3-6 


17 


- 17 


4-» 


- 06 


— I'l 


7 


- 2-8 


- 4*3 


i'8 


31 


" 19 


- 3'4 


06 


1-2 


2-0 


9 


- 4*2 


- S7 


r6 


a-4 


- 29 


- 1*3 


^ 0-4 


1-8 


13 


13 


2-8 


- 06 


4S 


20 


— 0-2 


— 04 


— 0-2 


3*3 


14 


09 


0'3 


— I'l 


o'8 


22 


- 3*4 


- 77 


I'O 


4-8 


15 


— I'O 


— 17 


0'2 


1-6 


26 


04 


-67 


— 1-2 


•^ 06 


16 


2-6 


2'0 


- o'9 


1*4 












17 


2-6 


3*3 


— I'2 


I'l 


June 10 


- 3*3 


4-? 


- 1*4 


- 1-8 


18 


2'7 


39 


- o'6 


I'O 


II 


- 3-0 


5-6 


- 17 


- 3*5 












H 


— 20 


5*4 


05 


- 0-4 












«5 


- 37 


O'O 


— i-o 


— I'l 












17 


- »-3 


- 09 


5-6 


81 












20 


— o-i 


— 1*2 


03 


3'S 












»5 


%'% 


^ 6-3 


— 1*2 


— I'2 












26 


43 


-4« 


2-6 


3« 













( xxiv ) 
Comparison of thb Diffsrbnces, etc. — Continue. 



Date of Oban. 


Umg. 


Lat. 


Date of Obfin. 


Long. 


Lat. 


with 
GreenMTieh 










with 
Greenwich 














L ... 












Transit Circle. 


H-O 


A--0 


H-0 


A-0 


Transit Circle. 


H-0 


A— 


H~0 


A-0 


1857. 


If 


u 





M 


1867. 


// 


tf 


f/ 


if 


Jan. ft 


- 3-8 


- 5'* 


— 0'2 


- 1*4 


June 26 


— I'O 


O'O 


- o'3 


1-4 


3 


- 17 


- 3*4 


- o'8 


— 2*2 


27 


- 37 


- 1*3 


— o'4 


J 5 


II 


O'O 


0-5 


— 1*2 


O'O 


28 


- S-o 


- 07 


- o'4 


o'9 


13 


- 1-8 


— 20 


05 


3'2 


29 


- a7 


3a 


07 


1-6 


«4 


O'O 


— O'l 


0'2 


2'7 












»5 


- 31 


— 2*0 


— I'D 


l'2 


Jnly 6 


— 2*2 


I'O 


3'o 


6-9 


16 


1*2 


30 


- 2-6 


- o'9 


7 


- 1*4 


2-6 


10 


47 


3^ 


- 4*4 


- 6-1 


09 


o'6 


9 


2-6 


3*3 


- 0-8 


1-6 












XI 


41 


- 4-6 


— o'4 


o-o 


Feb. 4 


- 3-2 


- 6-8 


I'l 


- o'5 


12 


3-6 


-8-4 


- 0-5 


— 1-2 


7 


- 06 


^ 19 


— O'l 


- 17 


31 


- 49 


2'0 


- o'3 


2'I 


8 


c-4 


04 


0'2 


o'4 












xo 


— fO 


- 0-4 


'''I 


2'3 


Aug. 2 


- 3'2 


i'8 


- o'8 


2'I 


II 


- 1-8 


- 09 


o'6 


2-6 


3 


— 6'o 


- a'4 


— I'l 


4a 


12 


— 0*2 


- 0-3 


0-9 


30 


4 


- 3-a 


I'O 


- 29 


61 


13 


- 07 


O'O 


— 2'2 


- o'4 


9 


r^ 


— I I'O 


- OS 


" ''2 


«5 


- 37 


- 2'9 


- 4'4 


- 37 


as 


- 6'o 


— 2'2 


- 35 


- 08 


16 


- yo 


- 3-6 


»-5 


3'2 


29 


- 7-S 


13 


I '2 


3-6 












30 


- 6-3 


29 


I'l 


39 


Mar. 5 


- 17 


- 1-6 


2'I 


— O'l 


31 


- 3*1 


S-3 


I'S 


4S 


6 


- 4-0 


- 4*1 


17 


— IT 












7 


- 31 


- 3-6 


2-1 


— I'2 


Sept. I 


- 3-9 


2'7 


""'I 


4'o 


8 


- 1*4 


— 17 


0-5 


- 1-4 


4 


37 


3-S 


— o'6 


O'O 


12 


0*2 


*"3 


- O'S 


I'l 


5 


S'4 


— 2'4 


0'2 


°'2 


\l 


- 27 


- 2-5 


- o'9 


o'4 


6 


4*4 


— 4'5 


o'4 


— i'8 


- 5-0 


- 4'2 


39 


O'O 


II 


3*9 


— ^'8 


- 3-0 


- a-3 


17 


- 3-1 


- 2'4 


1-6 


2-1 


28 


- S-9 


29 


I'l 


S'3 


31 


- 4*1 


- 4-0 


— I'l 


- i'6 


29 


- 37 


4*9 


- 0'7 


41 












30 


- S'3 


2'2 


O'O 


S'4 


April a 


- 39 


- 3'o 


1*2 


- o'3 












3 


- 17 


- o'4 


17 


- o'3 


Oct. I 


- 4-6 


I'O 


0-8 


4-S 


6 


- 5-» 


" 37 


- o'9 


- 2'8 


2 


- 4-S 


- 3*5 


o'3 


2'0 


8 


- 51 


- 2-8 


o-s 


o'6 


6 


3-6 


-. 3-6 


2'9 


1*9 


9 


- 1*9 


1-5 


o-i 


i-o 


8 


31 


- 4-8 


- 07 


— I'O 


14 


- 4*a 


- 3-8 


1*5 


3*5 


9 


4'2 


- 6-2 


- i'9 


- i'9 


18 


- 1-5 


— ii'i 


- 24 


7-8 


as 


- 4-6 


0'3 


1-9 


4*9 












26 


- 46 


- o'6 


09 


4*7 


Ma/ I 


— 1*2 


- 0'6 


I'O 


0'2 


a7 


- 47 


o'6 


— O'l 


3-8 


3 


— 1*2 


i'9 


I'O 


— o'6 


29 


- 4*3 


2'2 


2'2 


7'4 


4 


- 3-0 


O'l 


— 0-6 


— 2'0 


30 


- 3*4 


I '2 


O'O 


40 


5 


" 5*i 


- 0-7 


07 


O'l 


31 


- 1*4 


- I'3 


I'l 


4'" 


6 


— 2-8 


i-i 


-, o'3 


— O'l 












7 


- 3*9 


— 0'2 


- 1-4 


— O'l 


Nov. I 


— OT 


- 4-6 


»'3 


1-6 


8 


- 6-5 


- 31 


- 0-3 


- o'4 


S 


3'8 


3*S 


- O'S 


" ''2 


II 


- 5*1 


- 5-2 


I'l 


5*1 


22 


- S-8 


— I'l 


2' I 


3-8 


»3 


- o'S 


- i'9 


- 0'3 


2'8 


a4 


- rs 


- 2'8 


- o'9 


O'l 


14 


- »-3 


- »7 


0'9 


3-2 


a7 


- »'5 


3-3 


- i'9 


O'O 


17 


02 


- rs 


I'l 


«-9 


28 


— 2'4 


3a 


o'3 


1*4 


27 


©•2 


- 2'4 


2'I 


2'9 


29 


- 39 


I'O 


2'7 


a*4 


31 


— I'2 


2-8 


e'6 


0'2 


30 


- 3-0 


- a'S 


2'2 


o'7 


Jane i 


- ^'t 


I'l 


- »'5 


- 31 


Dec. X 


- o'9 


- S-6 


1-4 


- 0-3 , 


2 


- 08 


4* 


0-6 


O'l 


2 


o'4 


- S*9 


OT 


- 07 1 


4 


- 3*3 


o'9 


O'l 


1-6 


3 


1-8 


- a-9 


- o'9 


- 17 


5 


- 5-8 


- »-3 


0*5 


3a 


4 


i'8 


O'l 


- o'9 


- I'S 


8 


- 4-8 


- 3» 


- o'9 


37 


7 


26 


o'8 


— 02 


- «-4 


9 


— i-o 


- c'4 


0'2 


4-6 


10 


O'l 


0'4 


- 1*3 


- a'3 


10 


— I'O 


- 1-8 


— 01 


5't 


»5 


- 4-8 


-4-8 


- o'3 


- a'3 


12 


- 09 


- 51 


0-2 


16 


»7 


- 51 


1*3 


O'O 


- i'3 


«3 


4*4 


— 1*2 


o'8 


I '6 


28 


- 4*4 


I"* 


1-6 


- o'9 


«4 


4-8 


" *1 


17 


»-3 


29 


1*0 


67 


5*3 


3'a 


»5 


30 


- 5-8 


t'8 


2'3 


30 


- 2-8 


■" ?7 


07 


— I'ft 


»5 


27 


- 0-9 


- 0-3 


I 8 


3« 


- S-6 


- 6'6 


- o'6 


— I'ft 



, 








(xxy) 










- 


CoMPARTflON OF THB D1PFERBNOS8, 


BTC. — Continued, 






>ate of Obsn. 
with 


Long. 


Lat. 


Date of Obsn. 

with 


Long. 


Lat. 


Greenwich 










Greenwich 










Yansit Circle. 


H-0 


A— 


H~0 


A-0 


TransitCircle. 


H-0 


A-0 


H-0 


A-O 


1858. 


// 


// 


f/ 


// 


1858. 


// 


11 


u 


// 


Jan. I 


+ o-i 


- 2-6 


— 4-5 


— 3*4 


Jane i 


II 


2-6 


7*9 


97 


6 


+ 0-6 


^•5 


— II 


— 0-3 


3 


0-7 


4-0 


07 


2-6 


9 


- ■5-3 


- 4*5 


— 07 


0-6 


15 


"" 1*' 


— 5* 


1-8 


37 


19 


- 41 


- 31 


07 


-!_ 2-1 


17 


— 6-0 


-5-6 


O'l 


1-6 


22 


-. 60 


— 77 


2*4 


02 


18 


— 2-6 


— 0-3 


08 


2-8 


23 


- 7*9 


- 9-8 


1-2 


— 0-8 


21 


— 1-2 


i'5 


— 17 


1-6 


24 


- 7*4 


- 8-3 


0-5 


— 1-5 


22 


— 09 


2-4 


0-6 


4'8 


45 


— 6-2 


- 5*1 


01 


— 2-0 


24 


-6-9 


-4-6 


— 1-5 


3-6 


26 


- 6-3 


- *-5 


0-8 


— 1*3 


^5 


— 57 


— 4*4 


i'5 


69 


27 


- 3-2 


1*1 


1*5 


0'2 


27 


— 1-6 


o-o 


2-8 


69 


28 


- 3-1 


o-i 


1*2 


07 


28 


2-3 


3*5 


— 31 


— 03 


31 


- 2-4 


- 5'o 


1*2 


4-8 






















Jnly I 


39 


4*1 


— 1-2 


— 0-8 


Feb. I 


— i-o 


- 3-6 


— 0-4 


3*3 


11 


— 3*9 


— a-5 


— I-o 


2*1 


r I 


- 47 


-4-8 


— 1*9 


— 01 


— 57 


0-7 


o*o 


2-8 


— 1-6 


— 0'2 


— 0-4 


II 


19 


— 3-2 


4-3 


0-2 


3'o 


^ 6 


- 60 


- 3*4 


31 


3-6 


21 


— 3-0 


3-2 


0-6 


44 


7 


- 4*3 


- 0-4 


— 39 


— 3'4 


*5 


— 0-7 


1*4 


0-6 


3*9 


1 18 
1 19 


- S'5 


- 8-8 


I'O 


— o'5 


16 


07 


2-1 


— 07 


1-6 




- 8-5 


0-6 


— 0*2 


28 


2-6 


1-8 


— 2-3 


— »-5 


20 


- 4*6 


- 6-4 


3*5 


3-6 


30 


06 


— 5*5^ 


0-9 


— o'l 


21 


- 6-0 


- 5*4 


09 


0-5 


31 


2-9 


— 4*3 


08 


0-4 


22 


- 9-0 


- 7*4 


14 


0-8 












24 


- 47 


- 3*5 


1-6 


O'l 


Aug. I 


2-6 


— 5*1 


I'O 


. I'l 


^5 


- i'5 


— 1-2 


o-o 


— 0-8 


2 


2-7 


— 5-6 


07 


1-4 


27 


— 2*1 


- 42 


02 


1-6 


4 


13 


— 7*4 


7*9 


7-8 












13 


— I-o 


1-8 


— 0-6 


»-5 


Mar. 6 


- 4*4 


- 4-0 


o'5 


07 


19 


— 0-6 


8-4 


0-6 


31 


8 


- a-5 


17 


5-0 


5*3 


20 


— 3-3 


4-8 


37 


7'i 


- 21 


- 57 


- 5-3 


— 1-3 


o-o 


22 


"" 3't 


2-0 


'f 


4-6 


22 


- 29 


1*2 


— 4*4 


— 4-0 


23 


-3-8 


0-3 


0-6 


a-4 


K 23 


- 1*9 


3*9 


4*4 


2-0 


24 


0-6 


3-2 


— 02 


0-8 


24 


- 4-9 


27 


0-9 


— 0-4 


^5 


27 


2-8 


I'O 


04 


^5 


o-o 


31 


- 0-6 


— 2-7 


27 


4-0 


-4-6 


O'l 


— 17 


26 


- 3-8 


- 4*4 


— O'l 


— 17 


28 


4-8 


— 7-0 


— o*5 


— 19 


29 


- *-3 


- a-5 


0*3 


1$ 


30 


0-0 


-12-9 . 


2-2 


2-7 












3" 


2-1 


— 8-4 


1-8 


2-4 


April I 


- **5 


- 1-6 


0-3 


2-6 












^ 


- 2-5 


- 2-8 


— 1-5 


0-2 


Sept. I 


09 


— 8-6 


— 3-2 


— 2'8 


18 


- 3*3 


- 3*3 


— 0-9 


— 1-3 


12 


- 1*3 


1-6 


— O'l 


1*3 


19 


- 17 


- o*3 


1*4 


19 


13 


— 1-6 


4*4 


I'2 


— 0-4 


20 


- 1*4 


1-6 


1*4 


1-2 


15 


— 3*5 


6'o 


I'l 


03 


21 


- 2-6 


1-2 


»7 


1*3 


16 


-7-8 


2-3 


2-3 


3-6 


22 


- 1-8 


1-8 


— 0-5 


— 1*5 


18 


— 5*4 


5-1 


i'6 


39 


23 


- 17 


O-I 


— 0-1 


— 0-9 


21 


— 5*3 


— 17 


3-8 


6-8 


f It 


— i-o 


- 06 


0-6 


o*5 


22 


— 0-7 


1*2 


'■? 


23 


- 4-3 


-4-3 


— 1*4 


— 0-4 


23 


O-I 


II 


1-6 


1'2 


26 


- 27 


- 0-8 


— 3.9 


— 2-0 


24 


a-5 


2-8 


1*2 


0'2 


28 


- 4*3 


06 


— 40 


— 0-6 


^5 


. 4'o 


17 


o'6 


I'l 












30 


4'i 


•— 4*4 


-3-8 


-.2'9 


^ay 5 


O'l 


A-'^ 


— i-i 


1*3 












6 


~ I'l 


3-6 


07 


3*3 


Oct. 2 


43 


— 0-2 


— i'5 


— I-I 


7 


- 1-6 


17 


o'5 


4*3 


15 


— 5*4 


2-8 


1*5 


3*3 


18 


- 3-6 


— 3*4 


2-2 


27 


16 


— 4*4 


41 


3-6 


6-8 


19 


- 2-4 


— 2-0 


o'S 


I-o 


17 


— 37 


7'i 


O'O 


4-» 


22 


- 1*9 


— 08 


0-9 


1-8 


20 


-4-6 


0-5 


1-6 


-%% 


43 


- 6-6 


-5-6 


— 4-2 


— 2-5 


22 


1-9 


0-8 


— i-i 


45 


- 3'o 


0'2 


— 1-8 


2*1 


28 


3*3 


— 4-1 


0-4 


O'O 


30 


— 4*2 


— 1-8 


— 17 


2*0 


29 


51 




— 2'8 ♦ 


-3-8 





















( xxvi ) 
Comparison of thb Diffbrencbs, etc. — Continued, 



Date of Obsn. 


•Long. 


Lat. 


Date of Obsn. 


Long. 


Lat. 


with 
Greenwich 








with 
Greenwich 
























Tranitit Circle. 


H-0 


A-0 


H— 


A— 


Transit Circic. 


H-0 


A-0 


H-0 


A-0 


1858. 


If 


// 


// 


// 


1858. 


// 


If 


// 


// 


Nov. II 


2*0 


7-6 


29 


41 


Dec. 17 


-5-6 


2*0 


I'O 


— o-i 


12 


— 4'* 


41 


0-9 


2*1 


18 


— 4-0 


0-6 


2*1 


01 ■ 


13 


— 6-0 


1*9 


I 9 


40 


19 


— 0-8 


2-1 


2-4 


04 


15 


~4-8 


4-8 


09 


44 


21 


I'O 


— 107 


— 08 


— 0-6 


'Z 


— 7"9 


06 


i*o 


4*3 


23 


29 


0-3 


— 1-8 


— 0-9 


18 


— a-3 


2-8 


— 04 


0-9 


24 


1-4 


3-6 


— 0-2 


— o-i 


20 


2-0 


-7-8 


14 


1*2 


26 


^7 


16 


— 21 


— a-5 


21 


I'l 


— 114 


— 0-3 


— 08 


^7 


o*i 


-— 0-4 


— 2*4 


— 3-0 


22 


o*o 


— lO'I 


-?l 


06 


28 


1*1 


— 07 


— 1-6 


— 1-6 


»3 


0-6 


— 61 


— 29 












26 


2-4 


2-6 


— 0-8 


— 3-0 













The above Table shows the following results:— 



Tear. 


No. of 
Obsna. 


Mean Error with reference to Sign. 


Mean Error without reference to Sign. 


Long. 


Lat. 


Long. 


Lat. 1 


H-O 


A-O 


H— 


A-O 


H-O 


A-O 


H-0 


A— 


1856 

1857 

1858 

The 3 ) 

Years.) 


93 
"5 
130 

338 


— I'O 

— 1-8 

-r- 2*0 

— 1-6 


If 

— 0-4 

— 1-3 

— i*i 

— 0-9 


// 
O'l 

02 

0-3 

02 


ff 

07 
1*2 
I'l 

fO 


ff 
2-6 

31 
31 

3-0 


h 

3-6 
3-2 


If 

I»I 
I'l 

1*5 
13 


17 
2-2 
2*2 

2*0 



Prof. Hansen says that his '' coefficients are, throughout, accurate 
to two hundredths of a second : many, he considers, to be still more 
accurate."* I think Prof. Hansen greatly mistaken in this estimate. 
In the preface, p. xi., which was written before I had seen the com- 
parison here given, I have expressed my belief that there " is now no 
coefficient in the longitude of which the value is doubtful to the amount 
of "1." My opinion now is very different, seeing how much Prof. 
Hansen's places and the American places differ from observation and 
from each other I think that many of the coefficients must be uncertain 
to the extent of "1. 



* Monthly Notices^ Noyember 10, 1854. 
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